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PREFACE. 


In  the  followii^  work  I  have  not  attempted  to  mix 
Narrative  and  Science,  believing  that  the  mind  once 
interested  in  the  one,  cannot  with  satis&ction  pass  abruptly 
to  the  other.  The  book  is  therefore  divided  into  Two 
Parts :  the  first  chiefly  narrative,  and  the  second  chiefly 
ric'ientific 

In  Part  I.  I  have  sought  to  convey  some  notion  of  the 
life  of  an  Alpine  explorer,  and  of  the  means  by  which  his 
knowledge  is  acquired.  In  Part  II.  an  attempt  is  made 
t4>  elaijsify  such  knowledge,  and  to  refer  the  observed 
plienomena  to  their  physical  causes. 

The  Second  Part  of  the  work  is  written  with  a  desire  to 
intert^t  intelligent  persons  who  may  not  possess  any  sjm-- 
cial  scientific  cultur(?.  For  their  sakes  I  have  dwelt  more 
fiilly  on  principles  than  I  should  have  done  in  presence  <  )f  a 
purely  scientific  audience.  The  brief  sketch  of  the  nature 
of  Light  and  Heat,  with  which  Part  II.  is  commenced,  will 
uut,  I  trust,  prove  uninteresting  to  th(i  reader  for  whom  it 
is  more  especially  designed. 

Should  any  obscurity  exist  as  to  the  meaning  of  the 

terms  Structure,  Dirt-bands,  Regelation,  Interference,  and 

others,  which  occur  in  Part  I.,  it  will  entirely  disapi)ear 

in  the  perusal  of  Part  11. 

b  2 


vi  FBEFAOB. 

Two  ascents  of  Mont  Blanc  and  two  of  Monte  Boea  are 
recorded ;  bat  the  aspects  of  nature,  and  other  ciremn- 
stances  which  attracted  my  attention,  were  so  different 
in  the  respective  cases,  that  repetition  was  scarcely 
possible. 

The  numerons  interesting  articles  on  glaciers  which 
have  been  published  during  the  last  eigbleen  months,  and 
the  various  lively  discussionB  to  which  the  subject  has 
given  birth,  have  induced  me  to  make  myself  better 
acquainted  than  1  had  previously  been  with  the  historic 
aspect  of  the  question.  In  some  important  cases  I 
have  stated,  with  the  ntmost  possible  brevity,  the  results 
of  my  reading,  and  thus,  I  trust,  contributed  to  the  forma- 
tion  of  a  just  estimate  of  men  whose  labours  in  this 
field  were  long  anterior  to  my  own. 

J.T. 

Soyal  Jnititution,  June,  I80O. 
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PART  I. 


CHIEFLY    NARRATIVE. 


Ages  arc  your  days, 

Ye  ^i;rand  expressors  of  the  present  tense 

And  types  of  permanence  ; 

Firm  ensigns  of  the  fatal  Being 

Amid  these  coward  shapes  of  joy  and  grief 

'lliat  will  not  bide  the  seeing. 

Hither  we  bring 

Our  insect  miseries  to  the  rocks, 

And  the  whole  flight  with  pestering  wing 

Vanish  and  end  their  murmuring, 

Vanish  beside  these  dedicated  blocks. 


Emerson. 


GLACIERS  OF  THE  ALPS. 


DCTBODUCTOIIY. 

le  sntuniii  of  1854  I  attended  the  meeting  of  the 
ill  Association  at  Liverpool ;  and,  after  it  was  over, 
nyself  of  my  position  to  make  an  excursion  into 
ales.  Guided  by  a  friend  who  knew  the  conntrj-, 
acqaainted  with  its  chief  l>eautieB,  and  ronehided 
tbti  t*xpeditiou  by  a  yieit  to  Daugor  and  the  neighhouring 
dahi  fjuarries  of  Penrhyn. 

From  my  tjoyhood  I  liad    been  accustomed  to  liandle 

slates ;  had  ec«o  them  used  a§  roofing  materials,  and  had 

tiorked  the  usual  amount  of  arithmetic    u\xm   them   at 

■jiool ;  but  now,  as  1  «iw  the  rocks  blasted,  the  broken 

^KUgMCS  removed  to  the  sheds  surrounding  the  quany,  and 

^HpK  cloven  iulo  thin  plates,  a  new  interest  vras  exciteil, 

H^d  I  couM  not  help  asking  after  the  cause  of  this  extni- 

i      ordinary-  jiroperty  of  cJenvage.     It  aulBceil  to  strike  thtf 

pciinl  of  an  iron  inotrument  into  the  edge  of  a  jilnto  of  rot^k 

l(t  cautie  llie  mass  to  yield  and  open,  as  wood  opens  in 

•drance  of  a  wedge  driven  into  it     I  walked  round  the 

iiuarry  ntul    obaened    that  the    {)Iaues  of  cleavage   were 

<^1«rywho^D  parallel  ;  the  rock  was  t^pablo  of  being  split 

in  Doe  dm-ction  only,  and  this  direction  remained  perfectly 

fiwtant  throuj^hout  the  entire  quarry. 

i.  Mid,  on  expressing  my  iterplexiti 
KU^«)«t<;d  that  the  cleavage  wns  i 
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moro  than  the  layers  in  which  the  rock  had  lieen  origia' 
nlly  deposited,  and  which,  hy  some  subsequent  dbturbanc^ 
had  been  Bet  on  end,  like  the  strata  of  the  sandstone  rocfc 
and  clialk  clifle  of  Alum  Bay.  Bnt  tliougb  I  was  too  igno 
rant  to  combat  this  notion  snccessfnlly,  it  by  no  mean 
satisfied  me,     I  did  not  know  that  at  the  time  of  my  via 

s  very  question  of  slaty  cleavage  was  exciting  tli 
greatest  attention  among  English  geologists,  and  I  quitte 
the  place  with  that  feeling  of  intellectual  discontent  whidi 
however  unpleasant  it  may  be  for  a  time,  is  very  useful  a 
u  Etimnlant,  and  perhaps  as  necessary  to  the  true  appro 
-ciation  of  knowledge  as  a  healthy  appetite  is  to  the  enjoy 
ment  of  food, 

On  inquiry  I  found  that  the  subject  had  been  treate< 
by  three  English  writers,  Professor  Sedgwick,  Mr.  0aiUG 
Sharpe,  and  Mr,  Sorby.  From  Professor  Sedgwick  . 
learned  that  cleavage  and  stratification  were  things  totaU;| 
distinct  from  each  other;  that  in  many  cases  the  stratt 
could  be  observed  with  the  cleavage  passuig  through  theij 
at  a  high  angle ;  and  that  this  was  the  case  throughout  vas 
areas  in  North  Wales  and  C'umberlaiid.  1  read  tlie  lucii 
and  important  memoir  of  this  eminent  geologist  with  grea 
JntiTest :  it  placed  the  data  of  the  problem  before  me,  i 
far  as  they  were  then  known,  and  I  found  myself,  to  som 
extent  at  least,  in  a  condition  to  appreciate  the  value  of  { 
theoretic  explanation. 

Everybody  has  heanl  of  tlie  force  of  gravitation,  and  ( 
that  of  cohesion ;  but  there  is  a  more  subtle  play  of  for 

srted  by  the  molecules  of  bodies  upon  each  other  who 
these  molecules  ])os6ess  sufficient  freedom  of  Of^tion.  i 
virtue  of  such  forces,  the  ultimatu  particles  of  matter  ■ 
enabled  to  build  themselves  up  into  those  wondruue  ediltCI 
which  we  call  crj-stais.  A  diamond  is  e.  crystwl  aolfKtroctA 
"  ui  atoms  of  carbon ;  an  amethyst  is  a  crystal  built  ir^^ 
fmui  {'articles  of  silica;  Iceland  spar  is  a  cryrtal  bui 
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InrticlHH  of  carbonate  of  lime.  By  artificiul  meana  we 
allow  the  particles  of  bodies  the  free  play  oecessary  to 
Ibeir  in^-stallization.  Thus  a  solutioo  of  saltpetre  exposed 
to  slow  c\'Epornticn  produces  crystals  of  saltpetre ;  aliim 
crrstAJs  of  great  size  and  beauty  may  be  obtained  in  a 
utnilar  luaniier ;  and  in  the  formation  of  a  bit  of  common 
sngxr-CMidy  there  arc  agencies  at  play,  tlie  contemplation 
of  wliii'Ij,  as  mere  objecta  of  thought,  is  sufficient  to  make 
the  wise!!t  philosopher  bow  down  in  wonder,  and  confess 
Umself  a  child. 

r  Xhe  particles  uf  certain  crystalline  bodies  are  found  to 

y  tJiemselves  in  layftrs,  like  courses  of  atomic  ma- 

',  and  along  these  layers  such  crystals  may  bo  easily 

1  into  the  thinnest  laminse.     Some  crystals  possess 

I  meh  direction  in  whioli  they  may  be  cloTen,  some 

;  »ome,  on  the  other  hand,  may  be  split  with  dif- 

nt  faHlity  in  different  directions.     Itock  salt  may  be 

a  with  equal  facility  in  three  directions  at  right  anglesi 

plBBch  other ;  that  is,  it  may  be  split  into  cubes ;  calcspar 

f  berJoven  in  three  directions  oblique  to  each  other; 

i  is,  into  rhomboids.     Heavy  spar  may  also  be  cloven 

Btlu«e  directions,  but  one  cleavage  is  much  more  perfect. 

^nwro  eminent  as  it  ia  sometimes  called,  than  the  rest. 

I  is  a  cryHtal  which  cleaves  very  readily  in  one  di- 

,  and  it  is  sufficiently  tough  to  fiimish  films  of  ex- 

berao  tenuity :  finnlly,  any  boy,  with  sufficient  skill,  who 

trice  n  gWKl  crystal  of  sugar-candy  in  various  directions 

with  tliu  blotie  of  his  penknife,  will  tind  tliat  it  jMissesses 

^Bnt  Erection  in  particular,  along  which,  if  the  blade  of  the 

^^Kfti  bu   placed  and   struck,   ttie  crystal  will   split  into 

^^pneti  jHieseBBing  cleaji  and  shining  surfaces  of  cleavage. 

ProfcTMor  Hod};wick  was  intimately  acqiitiinUJ  with  all 

th^i-  liwts.  and  K  great  many  more,  when  he  investigated 

I  cU>«vag«  of  slate  rocks ;   and  seeing  no  other  expla- 

j  upen  to  him,  he  Mscribed  to  slaty  cleavage  a  crystal- 
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line  origin.  He  rapposcd  tlmt  tlie  particles  of  slute  poc 
were  acteJ  on,  after  their  deposition,  liy  "  polar  forces,"  whid 
80  ftirarged  them  as  to  produce  the  eleavsge.  Acconlinj 
to  this  theory,  therefore,  Honister  Crag  (tnd  tlic  cliffs  ( 
Penrbyn  are  to  be  regarded  as  portious  of  eiiormoQ 
crj'stala;  a  lenglJi  of  time  commonsiirate  with  the  vae 
ness  of  the  supposed  action  heing  nsBunied  to  have  elfqisa 
between  the  deposition  of  the  rock  and  its  final  ciystQ) 
lization. 

When,  however,  we  look  closely  into  this  bold  and  bean 
tJftil  hypothesis,  we  fiud  that  the  only  analogy  which  e 
lietween  the  physical  structure  of  slate  rocks  and  of  cryrt 
is  this  single  one  of  cleavag^e.  Such  »  coincidence  jnigl 
fairly  give  rise  to  the  conjecture  that  both  were  doe  t 
a  common  cause ;  but  there  is  great  difficulty  in  acceptm 
this  as  a  (Jieoretic  truth.  When  we  examine  the  gtruetoii 
of  a  slate  rock,  we  find  that  the  substance  is  composed  Q 
the  di^Vn-is  of  former  rocks :  that  it  was  ouce  a  fine  mm: 
composed  of  particles  of  taigihU  mayriiivAe.  Is  it  c 
that  tliese  particles,  each  taken  as  a  whole,  were  rc-arrange 
after  dejwsition  V  If  so,  the  force  which  effected  such  a 
arrangement  muBt  be  wholly  different  from  that-  of  cryHtslIi 
^tion,  for  the  Iatt«r  is  essentially  molteular.  Wliat  is  t' 
force  ?  Nature,  as  far  as  we  know,  furniijhes  none  < 
l>et«nt,  under  the  conditions,  to  produce  the  effect  I«  i 
moant  that  the  molecules  comi>08iiig  these  sensible  particJo 
have  re-arranged  fJiemaelvcB?  Wt!  find  no  evidence  c 
t<ueh  an  nction  in  the  individual  Iragmeiits :  the  micA  I 
still  mica,  and  possesses  tdl  the  properties  of  mica ;  and  H 
of  the  otiier  ingreditnts  of  which  the  rock  is  compoBod 
Indejjendent  of  this,  that  an  aggregate  uf  heterugt 
minoral  frngincnta  sliould,  witlumt  any  it&aguable  exi 
causi*,  80  Kliift  its  molecules  as  to  pru<luce  a  jilane  ( 
clmvQge  comaoa  to  them  all,  is,  in  my  opinion,  H 
■wnmption  too  heavy  for  any  theory'  Ui  Ix'tir. 
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foTBrtheless.  the  pnp«r  of  Professor  Sedgwick  inyested 
HoliJMiit  of  slaty  cleavage  witli  an  iiitfrest  iiot  to  be 
torgotu>ij,  and  Il^)?tlli  the  gfimulus  to  farther  inqniry. 
'Viw  stnictum  of  alato-rocks  was  more  dt^oly  esamiiipd  ; 
tlio  foflctilfl  which  they  contamed  were  sniijected  to  rigid 
iKnitiiiy,  and  their  shajws  compared  with  those  of  the  same 
speoiea  taken  from  other  rfioks,  Tims  proceeding,  the  late 
Mr.  Oaoiel  Bharpe  found  that  the  fossils  contained  in  state- 
rocks  are  lUstorted  in  ahaiie.  being  uniformly  flattened  oof 
to  the  dimctiou  of  the  planes  of  cleavage.  Here,  then,  was 
a  JUct  of  capital  importance, — the  sliells  became  the  indi- 
ntore  of  (Ui  ttCtioH  to  which  the  mass  containing  them  had 
Ik-cu  subjected;  they  di^monstmted  the  operation  of  pres- 
sure Oa.-Ling  at  right  angles  to  the  planets  of  cleavage. 

TUe  laore  the  subject  was  investigated,  the  more  clearly 
Wnre  the  evidences  iif  pressure  made  out.  Subsequent  to 
Mr.  Sharps,  Mr.  Sorby  entered  upon  this  field  of  inquiry. 
With  great  skill  and  patieuoe  he  prepared  sections  of  sLite 
rock,  whieli  he  aubmittod  to  microscopic  exumination,  and 
Lis  obser\'atiuDs  showed  that  the  evidencee  of  pressui'e  could 
Im  [dainly  traced,  even  in  his  minute  specimens.  The  sub- 
'y.-ct  iuu  been  since  ably  followed  up  by  Professors  Haughton, 
ilarkn<-.ss  and  others;  but  to  the  two  gentlemen  first  men- 
li.ruod  wi;  are,  I  think,  mdebted  for  the  prime  facts  on 
which  n-ifl*  the  mechmdeal  tf^oTij  of  slaty  cleavage." 

observations  just  referred  to  showed  the  co-existence 
two  phenomena,  but  they  did  not  prove  that  pressure 
cleavage  stood  to  each  other  in  the  relation  ()f  caus*^ 
md  effect.     "Can  the  pressure  produce  the  cleavage?" 
was  still  on  mien  question,  and  it  was  one  which  mere  rett- 
tmiuded  liy  experiment,  was  incompetent  to  answer. 


I 
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Sharpe  despwred  of  an  experimental  Bolution,  regarding 
our  meaus  as  iQadeqiiitte,  and  our  time  on  earth  too  short 
to  produce  the  residt  Mr.  Sorby  was  more  hopefuL  Sub- 
mitting mixtures  of  gypsum  and  oside  of  iron  scales  to 
preseure,  he  found  that  the  scales  set  themsGlves  approx- 
imately at  right  angles  to  the  direction  in  wliich  the  pres- 
sure was  applied.  The  position  of  the  scales  resembled 
that  of  the  plates  of  mica  which  his  researches  hod  di»- 
closed  to  liim  in  elate-rock,  and  he  inferred  that  the  pre- 
sence of  such  plates,  and  of  ilat  or  elongated  fragments 
generally,  lying  all  in  the  some  general  direction,  wbs  the 
cause  of  slaty  cleavage.  At  the  meeting  of  the  British 
Association  at  Glasgow,  in  1855,  I  had  the  pleasure  of 
seeinjT  some  of  Mr.  Sorby's  specimens,  and,  though  the 
cleavage  they  exhibited  was  very  rougli,  still,  the  tendency 
to  yield  at  right  angles  to  the  direction  in  which  tlie  pres- 
sure hod  been  applied,  appeared  suHiciently  manifest 

At  the  time  now  referred  to  I  was  engaged,  and  had 
been  for  a  long  time  previously,  in  examining  the  effscta 
of  pressure  upon  the  magnetic  force,  and,  as  far  back  as 
1851,  I  had  noticed  that  some  of  the  bodies  which  I  had. 
subjected  to  pressure  eshibitod  a  cleavage  of  surpassing 
beauty  and  delicacy.  The  bearing  of  such  tacts  npon 
the  present  question  now  forcibly  occurred  to  me.  I  fol- 
lowed up  the  observations ;  visited  slate-yards  and  quarrio^i 
observed  the  exfoliation  of  rails,  the  fibres  of  iron,  tlie  strao  ( 
ture  of  tiles,  ^lottery,  and  cheese,  and  had  several  practiciJ 
lessons  in  tlio  manufacture  of  puff-paste  and  other  lami- 
nated confectiotiory,  Bly  observations.  I  thought,  pointed 
to  a  theory  of  slaty  cleavage  different  from  any  previously 
given,  and  wliich,  moreover,  referred  a  great  nnmber  of, 
apiinrentiy  unrelated  phenomena  to  u.  common  cause.  On 
the  lUth  of  June,  lt<jfS,  I  made  them  tlie  subject  of  a 
Friday  evening's  discourse  at  the  Royal  lustitutiou. 

Such  are  the  circumstances,  apparently  remote  cnoiigli, 
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iimltT  wliich  my  contutxion  with  glaciers  originated.  My 
fHeiid,  I'rofweor  Huxley,  was  preaent  at  the  lecture  re- 
fi-m-d  to :  he  v/ns  well  ncijnaiiited  with  the  work  of  Pro- 
feaior  Forlies,  eutJlled  '  Travels  in  the  Alps,'  and  lie 
surmised  that  tlie  question  of  sluty  cleavage,  in  its  new 
««pw?l,  might  have  Home  bearing  upon  the  lumiuated  struc- 
lufu  of  gliu'ier-ice  discussed  in  the  work  referred  to.  He 
tiierefore  urged  ine  to  read  the  '  Travels,*  which  I  did  with 
com,  aD<l  the  bixik  made  the  same  impression  upon  me 
tbat  it  luul  produced  upon  my  friend.  We  were  both 
_  aoLDg  to  Switzerland  that  year,  and  it  required  but  a  slight 
'*"»tiDii  of  oor  plans  to  arrange  a  joint  excursion  over 
B  of  the  glaciers  of  the  Obcrlaud,  and  thus  afford  our- 
»  Uic  means  of  observing  together  the  veined  structure 
of  tJi«  ice. 

Und  iJie  results  of  this  arrangement  been  revealed  to  me 

beforotiand,  I  should  have  paused  before  entering  upon  an 

invo9tigfttion  wliich  rerjuired  of  me  so  long  a  reuunoiution 

of  my  old  and  more  favourite  purauita.     But  no  man  knows 

when  he  commences  Ihe  examiuatiou  of  a  physical  problem 

iiitu  what  new  and  complicated  mental  alhances  it  may 

lead  him.     No  fragment  of  nature  can  be  studied  alone  : 

wfh  part  is  related  to  every  other  part ;  mid  hence  it  is, 

ibat.  following  uj*  the  hnks  of  law  wliich  connect  pheuo- 

meui.  the  physical  investigator  often  linds  himself  led  for 

^^^joad  tlte  BCO])e  <if  his  original  intentions,  the  danger  in 

^^■biwpeot  augmenting  iu  direct  proportion  to  the  wish  of 

^^^fe  iaqoirer  to  render  hiK  knowledge  solid  and  complete. 

^HnKrlien  Ihe  itleaof  writing  this  book  lirst  occurreil  to  me, 

^Bunw  not  my  iuteution  to  confine  myself  to  the  glaciers 

^pfiu^  bat  to  make  the  work  a  vehicle  for  tlie  familiar  ex- 

plmiutino  of  such  general  jihysical  phenomena  as  had  come 

under  tny  notice.     Nor  did  I  intend  to  address  it  to  a  eid- 

D  of  »cieiic(?,  but  to  a  i/ouih  of  average  intelligence, 

Ibruiflhod  with  tho.  i-iluivition  which  IDuglaud  now  offers 
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to  the  young.  I  wished  indeed  to  make  it  a  boy's  class- 
book,  which  should  rev^  the  mode  of  life,  as  well  as  the 
scientific  objects,  of  an  explorer  of  the  Alps.  The  incidents 
of  the  past  year  have  caused  me  to  deviate,  in  some  degree, 
from  this  intention,  but  its  traces  will  be  sufficiently  mani- 
fest; and  this  reference  to  it  will,  I  trust,  excuse  an 
occasional  liberty  of  style  and  simplicity  of  treatment 
which  would  be  out  of  place  if  intended  for  a  reader  of 
riper  years. 
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(2-) 

'Osihe  Itth  nf  Aii(j;U8t,  1850,1  received  ray  AliH;'ti.*tr,elc 

form  tlie  bands  of  Dr.  Hooker,  in  the  garden  of  t!ie  Peri«i(ni 

OViOT,  at  Intorlaken.     It  Iwm  my  name,  not  marked,  liow- 

orrr,  by  the  (iilgftr  brand^j  of  the  country,  biit  by  tin-  wlar 

bmma  which  hail  been  converged  upon  it  by  the  jocket 

_J|eBa  of  my  friimd.    I  was  tlie  companion  of  Mr.  Huxley, 

Htefi  »mr  first  aim  waa  to  cross  the  Won^ern  Alp,     Lipht 

^Bwl  ithjulciw  enriched  tliu  emgs  and  ;>Tcen  slopes  ae  we 

^^flranred    up    the   valley    of    Lautcrhrunnen,   iiud   <?arb 

occiip(e<I   himself  with  that  which  most  intere^rted  him. 

My  fompuniitn  esamioed  the  dritit,  I  the  cleavage,  wliile 

both  ot  n»  hxiktid  witli  interest,  at  the  contortion^;  of  t!u< 

sbmttt  U>  oar  \t\fi.,  and  at  the  shadowy,  nnsnbstantial  aspect 

«f  Ibtf  pines,  gleaming  through  the  sunhaze  to  our  rif;l>t. 

^^>  What  was  tbe  phvitical  condition  of  the  rock  when  it  was 

^^■kw  bent  and  fnldeil  like  a  pliant  mtiss?     Was  it  ii<;c4>s- 

^BUy  wfter  than  it  is  at  present  ?    I  do  not  think  so.    'Hie 

diock  which  would  crush  a  railway  carriage,  if  commtmi- 

cated  to  it  nt  oiico.  i«  liarmlesa  when  distributed  over  the 

btio-vat  necessary  for  the  pnshinf:  in  of  the  buffer.     By 

«nd(ltfnly  "topping  a  cock  fiom  which  water  lUiwa  you  may 

borst  ih'.-  t:i)nvfeyance  pipe,  while  a  slow  turning  of  the  coL'k 

koepe  all  Hafe.     Kight  mit  a  solid  rack  by  ages  of  pressun- 

jve?   It  is  i\  physical  axiom  that  no  bf>dy  is 

iiono  [lerfectly  sfjft,  none  perfectly  clastic. 

xly  »ubjtK^ti-<i  to  pressure  yiebls,  I: 

mrno  Ijody  when  the  pressure  is  r 
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I  ionnot  return  to  its  original  t'orni.     If  it  did  not  yield  iu 

I  the  filighteat  degree  it  would  be  perfectly  liard ;  if  it  roold 

I  completely  return  to  its  origiual  shape  it  would  be  perfectJy 

I  elastic. 

Let  a  pound  weight  be  placed  upon  a  cube  of  granite;' 

I  the  cube  is  flattened,  though  in  an  infinitesimal  degree. 

'  Let  the  weight  be  removed,  the  cube  reniain»  a  little 
Hattened ;  it  cannot  quite  return  to  its  primitive  condition. 
Let  us  call  the  cube  tliua  Battened  No.  1.  Starting  with 
No,  1  as  a  new  mass,  let  the  pound  weight  be  laid  upon  it ; 
the  mass  yields,  and  on  removing  the  weight  it  cannot 
return  to  the  dimenstona  of  No.  1  ;  we  have  a  more  flat- 
tened mass,  No.  2.  Proceeding  in  this  manner,  it  ia  manifest 
that  by  a  repetition  of  the  process  we  should  produce  a 
series  of  masses,  each  succeeding  one  more  Hattened  than 
the  former.  This  appears  to  be  a  necessary  consequence  of 
the  ph}'8ical  axiom  referred  to  above. 

Now  if,  instead  of  removing  and  replacing  the  weight  in 
thfi  maujier  supposed,  we  cause  it  to  rest  continuously  upon 
the  cube,  the  flattening,  which  above  was  intermittent,  will 
be  continuous;   no  matter  how   hard  the  cube  may  bci 

I  there  will  be  a  gradual  yielding  of  its  moss  under  tlis 
pressure.  Apply  this  to  squeezed  rocks — to  those,  for 
example,  which  form  the  base  of  an  obelisk  like  tho 
Matterhom ;  tliat  this  base  must  yield,  seems  a  certain  con- 

I  sequence   of   the   physical   constitution    of    matter :    tha 

I  conclusion  seems  inevitable  that  the  mountain  is  sinking 
by  its  own  weight.     Let  tvro  points  be  fixed,  one  near- 

I  tlie  summit,  the  other  near  tlio  base  of  the  obelisk ;  next 
year  these  points  will  have  approadied  each  other.  Whothw 
tiie  amount  of  approach  in  a  human  lifetime  bo  meas 
able  we  know  not ;  but  it  seems  certain  that  agea  would 
leave  their  impress  npon  the  mass,  and  render  viailile  Ul 
I  the  eye  an  action  which  at  present  it<  appreciable  by 
I  imagination  only. 
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<  halted  ( 


m  the  uight  of  the  16th  at  the  Jungfrau 
:  morning  we  aaw  the  beams  of  the  rising 
I  fall  upon  the  pe^ketl  snow  of  the  Silberhom.  Slowly 
I  solemnly  tlie  pure  whiti^  cone  appeared  to  riae  higher 
into  the  Buulight,  being  afterwarda  mottled  willi 
I  tf:looui,  as  clouds  drifted  between  it  and  the  sun. 
railed  alone  tovrards  the  base  of  the  mountain. 
;  my  way  through  a  rugged  gorge,  the  sides  of 
were  strewn  with  pine-trees,  splintered,  broken 
I,  and  torn  up  by  the  roots.  I  finally  reached  the 
f  a  glacier,  formed  by  the  snow  and  shattered  ice 
which  fall  from  the  shoulders  of  the  Jungfrau.  The  view 
from  this  place  hati  a  savage  magnilicence  such  as  I  had 
not  piDviously  Iwheld,  and  it  was  not  without  some  shght 
tnHiaff  of  awe  that  I  clambered  up  the  end  of  the  glacier. 
It  was  the  first  I  had  actually  stood  upon.  The  lone- 
Hneab  of  tlio  plai»  was  very  impressive,  the  silence  being 
only  broken  by  fitful  gusta  of  wind,  or  by  the  weird  rattle 
.lif  the  debris  which  fell  at  intervals  from  the  melting  ice. 
I  noticed  what  appeared  to  be  the  sudden  and 
mous  augmentation  of  the  waters  of  a  cascade,  but  the 
Bi]  Hoan  informed  me  that  the  increase  was  due  to  an 
3  which  had  chosen  the  track  of  the  cascade  for 
Soon  afterwards  my  eyea  wore  fixed  upon  a  white 
I  some  thousands  of  feet  above  me;  I  saw  the  Jw 
,  litre  way,  and,  after  a  sensible  interval,  the  thunder  of 
aDulher  aTalanche  reached  me.  A  kind  of  zigzag  chan- 
Itol  had  beeu  worn  on  the  side  of  the  mountiuu,  and 
It  thia  the  avalanche  rushed,  hidden  at  intervals,  and 
I  diooting  forth,  and  leaping  like  a  cataract  down  the 
The  sound  was  pometimes  continuousi  but 
net)  broken  into  rounded  explosions  which  seemed 
t  a  passionate  predominance  over  the  general  level 
These  avalancliea,  when  they  first  give  way, 
V  consist  of  enormous  blocks  of  ice,  which  are  more 
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and  more  shattered  as  they  deacend.  Partly  to  the  echos 
of  the  first  crash,  hut  mainly,  I  tliink,  to  the  shock  of  tLe 
harder  masses  which  preserve  their  cohesion,  the  explosions 
which  occur  during  the  descent  of  the  aviilauche  are  to 
be  ascribed.  Much  of  the  ice  is  crushed  to  powder ;  and 
^hoB,  when  an  avahuicbe  pours  cataract-like  over  a  ledge^ 
the  heavier  masses,  being  less  infliiencod  by  the  atli)0» 
pheric  resistance,  shoot  forward  like  descending  rockett^ 
leaving  the  Ugliter  powder  in  trains  behind  them.  Such  tfl 
the  material  of  which  a  class  of  the  smaller  glaciers  in  th« 
Alps  is  composed.  They  are  the  products  of  avalancheSr 
the  crushed  ice  being  rocompacted  into  a  solid  mass,  which 
exhibits  on  a  smaller  scale  most  of  the  chamctcristics  of 
the  largo  glaciers.  • 

After  tlmic  hours'  absence  I  reascended  to  the  hotel, 
breaklaattid,  and  afterwards  returned  with  Mr.  Huxley  ia 
the  ghicier.     While  we  were  engaged  upon  it  the  weather, 
suddenly  changed ;  lightuing  flashed  about  the  summits  of 
the  Jungfrau,  and  thunder  "leaped"  among  her  croga. 
Heavy  rain  fell,  but  it  cleared  up  afterwards  with  magical 
speed,  and  we  returned  to  our   hotel.     Heedless  of  the 
forebodings  of  many  prophets  of  evil  weather  we  set  out  for 
Grindelwald.     The  scene  from  tlie  simimit  of  the  little 
Scheideck  was  exceedingly  grand.     The  upper  air  exhi- 
bited a  commotion  which  we  did  not  experience;  cloudl 
were  wildly  driven    against  the  flatilu  of  tliv  Kiger,  th< 
,   Jungtrau  thundered  behind,  while  in  front  of  us  a  mof 
I   ficent   miubow,  fixing  one  of  its  arms  in   the  valley  a 
Grindelwald,  and,  throwing  the  other  right  over  tlio  croW] 
I   of  tlie  Wetterliom,  clasped  the  mountain  in  its  embi 
I   Thjough  jagged  ajwrtnTes  in  the  clouds  fioods  of  goldoi 
light  were  jx3ured  down  the  sides  nf  the  mountain.     Ol 
L   the    slopes    were    munmemble    ch^ets,    glistening  in    tlM 
sunbeams,  honk  hrownng  jieaoefully  and   shaking   tbdl 
I   mellow  bciU;  wliilu  ihi;  blacknes of  thu  ptne-trees,  crowded 
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pwoodl^  or  «catler«(l  iii  pleasant  clnsters  over  alp  and 
(y,  contrasted   foniibly   mtli  the   lively  greeu  of  the 


t  Grindelwald,  on  tlie  18th,  we  engaged  a  Btrong  and 

tAeat  guide,  named   Christian  Kaufmaun,  and  pro- 

to  the  Lower  Glacier,     After  a  steep  aacent,  we 

i  a  point  from  which  we  could  look  down  u[>on  the 

At  firat  the  ice  presented  an  appourauce  of 

r  conftision,  but  wo  soon  reached  a  position  where  the 

inioal  conditions  of  the  glacier  revealed  themselves, 

6  we  might  learn,  had  we  not  known  it  before, 

I  onoAunoa  if)  merely  the  unknowu  intermixture  of  laws, 

i  becomes  order  and  beauty  when  we  rise  to  tlieircom- 

\Va  reached  the  ao-called  .Eisraeer — Ice  Sea. 

>nt  of  iia  was  the  range  of  the  Viescherhorner,  and  a 

w   Blopo,  from  which  one  bi-anch  of  the  glacier 

Near  the  base  of  this  mhi!,  and  surrounded  on 

ides  by  ice,  lay  a  brown  ra-k,  to  which  our  attention 

t«d   as  a  placL'  noted   for  avalanches;    on  lliis 

I  or  ice  never  rests,  sTid  it  is  hence  called  the 

I  Platte— the  Hot  Plate.     At  the  base  of  the  rock, 

r  Iwlow  it,  the  glacier  was  covered  with  clean  crushed 

,  liad  fallen  from  u  crown  of  frozen  cUffs  en- 

r  tlje  Brow  of  the  rock.     One  obeliek  in  particular 

d  itself  from  all  others  by  its  exceeding  grace  and 

Ita  gt'iieral  surface  was  dazzling  white,  but  from 

3  and  fissurua  issued  a  delicate  blue  light,  which 

inud  in  hue  from  the  edges  inwards.     It  stood  upon  a 

I  of  its  own  substance,  ami  seemed  as  accurivtely 

i  if  ml"  and  plummet  had  been  employed  in  its 

Fig.  1  represents  this  beautiful  minaret  of  ice. 

w«  were  in  sight  of  the  Same  Platte,  a  dozen 

I  rushed  dowuwarda  trum  its  summit.     In  most 

0  vrere  informed  of  the  descent  of  an  avalanche  by 

,  but  Bometimea  the  white  mass  was  aceu  gliding 
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muins,  will  appi*r  sufficient  to  act?oiint  for  tJii?  peals 
^whk'li  tlieir  defeat  is  ncco^jMiiied. 
A  S(*oikI  day,  in  compauy  with  Dr.  RiHiker,  eom|ileted 
the  PxumiDatioQ  of  this  glacier  iu  1S56;  after  which  I 
jiarted  from  my  friends,  Mr.  Huxley  intending  to  rejoin  me 
at  the  <1rinist'l.  On  the  morning  of  the  20th  of  Angiist  I 
strapped  oil  my  kniipsack  and  ascender!  tlie  green  elopes 
from  Griridelwald  towards  the  great  Scheideck.  Before 
reuehing  the  summit  I  frequently  heard  the  wonderful 
echot)  of  the  Wetterhom.  Some  travellers  were  in  advance 
of  me,  and  to  amuse  them  an  alpine  horn  was  blown.  The 
(Urect  sound  was  mt  ofiF  from  me  by  a  hill,  but  the  echoa 
talked  (iown  to  me  from  the  mountain  walli.  The  sonorous 
waves  arrived  after  one.  two,  three,  and  more  reflections, 
liiminiHliing  gradually  in  intensity,  but  incxeasing  in  soft- 
ness, as  if  in  its  wanderings  from  crag  to  crag  the  sound 
had  nodei^ao  a  kind  of  sifting  process,  leaving  all  its 
graesnass  behind,  and  returning  iu  delightful  flute  notes  to 
the  ear. 

Ii«(  as  investigate  this  point  a  little.  If  two  looking- 
j^Iastes  be  placed  perfectly  parallirl  to  each  other,  with  a 
liglited  candle  between  them,  an  infinite  series  of  images  of 
tlie  candle  will  be  seen  at  both  sides,  the  images  diminisliiug 
in  brigbtnesB  the  furtlier  they  recede.  But  if  tJie  looking- 
glasses,  instt-ad  of  being  jiarallel,  enclose  an  angle,  a  limited 
Domhor  of  images  only  will  be  seen.  Tlie  smaller  the 
anglo  wriiich  the  reflectors  make  witlj  each  other,  or,  in 
■  wonls,  the   Dearer  they   appniach  parallelism,   tlie 

p  will  be  the  number  of  images  observed. 
>  find  the  numberofimagestlie  following  is  the  rule: — 
Ido  3(50,  or  the  number  of  degrees  in  a  circle,  by  the 
■ber  of  degrees  in  the  angle  enclotted  by  the  two  mirrors, 
(quotient  will  be  <me  more  than  the  number  of  images ; 
iling  tlie  object  itself,  the  quotient  is  always  equal 
e  number  of  images  plus  the  ohjcct.    In  Fig,  2  I  have 
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Fig.  2. 


given  the  number  and  position  of  the  images  produced  by 
two  mirrors  placed  at  an  angle  of  45°.    A  b  and  B  c  mark 

the  edges  of  the  mirrors, 
and  o  represents  the  can- 
dle, which,  for  the  sake 
of  simplicity,  I  have 
placed  midway  between 
them.  Fix  one  point  of 
a  pair  of  compasses  at 
B,  and  with  the  distance 
B  o  sweep  a  circle : — all 
the  image9.  will  be  ranged 
upon  the  circumference  of 
this  circle.  The  number 
of  images  found  by  the 
foregoing  rule  is  7,  and 
their  positions  are  marked  in  the  figure  by  the  numbers  1, 
2,  3,  &c. 

Suppose  the  ear  to  occupy  the  place  of  the  eye,  and 
that  a  sounding  body  occupies  the  place  of  the  luminous 
one,  we  should  then  have  just  as  many  ecJios  as  we  had 
images  in  the  former  case.  These  echos  would  diminish 
in  loudness  just  as  the  images  of  the  candle  diminish  in 
brightness.  At  each  reflection  a  portion  both  of  sound  and 
light  is  lost ;  hence  the  oftener  light  is  reflected  the  dimmer 
it  becomes,  and  the  oftener  sound  is  reflected  the  fainter 
it  is. 

Now  the  clifis  of  the  Wetterhom  are  so  many  rough 
angular  reflectors  of  the  sound  :  some  of  them  send  it  back 
directly  to  the  listener,  and  we  have  a  first  echo ;  some  of 
them  send  it  on  to  others  from  which  it  is  again  re- 
flected, forming  a  second  echo.  Thus,  by  repeated  refleo- 
ti9n,  successive  echos  are  sent  to  the  ear,  until,  at  length, 
they  become  so  faint  as  to  be  inaudible.  •  The  sound,  88 
it  diminishes  in  intensity,  appears  to  come  from  greater 
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oud  greater  distaiiees,  as  if  it  were  receding  into  the  monn- 
(jiin  solitudus ;  the  fltml  echos  being  inexpressibly  soft  and 
pure. 

Aftur  cniitwdiig  the  Hohi^ideck  I  descended  to  Meyriugen, 
risitiiig  Uiu  Beicbenbach  waterfall  on  my  way.  A  pecu- 
liarity iif  the  deflccndtng  water  here  is,  that  it  is  brolceu  up 
in  one  of  the  baauis  into  nodular  njiisses,  each  of  which  in 
falling  leaves  the  light  foaming  mass  wliich  surrounds  it  as 
a  train  in  the  air  behind ;  the  effect  exactly  resembles 
tliat  of  the  avalanches  of  the  Jungfrau,  in  which  the  more 
wilid  blocks  of  ice  shoot  forward  in  advance  of  the  lighter 
debris,  whicli  is  held  back  by  the  friction  of  the  air. 

Next  day  I  asci^^uded  the  valley  of  HasU,  and  observed 
upon  the  rocks  and  mountains  the  action  of  ancient  glaciers 
whicli  (iiice  filled  tlie  valley  to  the  height  of  more  than  a 
UtoUMUid  feet  above  its  present  level.  I  panned,  of  course, 
nr  the  waterfall  of  Handeck,  and  atood  for  a  time  upon 
the  woodeu  bridge  which  spans  the  river  at  its  top.  The 
,  Aar  comes  gambuUing  down  to  tlie  bridge  from  its  parent 
!!r,  takes  one  short  jump  upon  a  projecting  ledge, 
[I  into  loam,  and  tlien  leaps  into  a  chasm,  from  the 
1  of  which  it«  rtrtir  asfcuds  tliroufrh  the  gloom.  A 
t  )uuue<l  the  ^V^lcnbach  joins  the  Aar  from  the  left 
'.  wry  jaws  of  the  chasm :  falling,  at  first,  upon  a 
tiun  at  some  dejith  below  tlie  edge,  and,  rebouud- 
r  from  this,  it  darts  at  tlie  Aar,  and  botli  plunge 
r  like  a  [lair  of  fighting  demons  to  the  bottom  of 
t  gorge.  Tha  foam  of  the  Aarlenbach  is  white,  that 
B  Ajtr  is  rellow,  and  tliis  enables  the  observer  to  trace 
I  posESgo  of  the  one  cataract  through  the  other.  As  I 
1  upon  tlio  bridge  the  suu  shone  brightly  npun  the 
f  and  fi>am  ;  my  shmiow  was  oblique  to  the  river,  and 
D  B  symmetrical  minln^w  could  not  bo  formed  in  the 
,  but  one  hall'  of  a  lovely  bow,  with  its  base  in  the 
,  leaned  over  against  the  opposite  rocks,  the  colours 
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I  advaucing  and  retreating  as  tbe  spray  ahiHed  its  position. 
]  bad  been  wat«hiug  tho  wator  intently  for  some  tim^ 
when  a  little  Swiss  boy,  who  stood  beside  me,  observed,, 
in  hia  trenchant  German,  "  There  plunge  stones  ever 
downwarda,"  The  stones  were  palpable  enough,  carried 
down  by  the  cataract,  and  sometimes  completely  breaking* 
loose  from  it,  but  I  did  not  see  them  until  my  attention 
was  witbdrawa  from  the  water. 

On  my  arrival  at  the  Grimsel  I  found  Mr,  Huxley  already 
there,  and,  after  a  few  minutes'  conversation,  we  decided  to 
spend  a  night  in  a  hut  built  by  M.  Dolfuss  in  1846,  beside 
the  Untfiraar  glacier,  about  200(J  feet  above  the  Hos] 
We  hoped  thus  to  be  able  to  examine  the  glacier 
origin  on  the  follovring  day.  Two  days'  food  and 
blankets  were  sent  up  trom  the  Hospice,  and,  accompanied! 
by  our  guide,  wo  proceeded  to  the  glacier. 

Having  climbed  a  great  terminal  moraine,  and  tramj 
for  a  considerable  time  amid  loose  shingle  and  boulden( 
we  came  upon  the  ice.     The  finest  specimens  of  "  tables 
which  I  have  ever  seen  are  to  be  found  upon  this  glaciei' 
— huge  masses  of  clean  granite  poised  on  pedestals  of  icei 
Here  are  also  "  dirt-cones  "  of  the  largest  size,  and  nume- 
rous shaita,  tlie  forsaken  ]>assages  of  ancient  *'  moulinn," 
le  filled  with  water,  othera  simply  with  deep  blue  Iight> 
I  reserve   the  deaciiption  and  esjilanation  of  both,  ccmes 
I  and  moulijis  for  another  place,     'Jlie  surlW^es  of  some 
I  the  small  pools  were  sprinkled  lightly  over  with   sno 
I  which  the  water  underneath  was  unable  to  melt ;  a  coating 
I  of  snow  ^nules  was  thus  formed,  flexible  as  chain  armour, 
I  but  so  close    that  the  air  conld  not   escajio  through  it 
I  Some  bubbles  which  had  risen  through  the  water  had  lifted 
t  the  coating  here  and  there    into    little   rounded   domi^- 
I  which,  by  gentle  pressure,  could  be  sbillod  hither  and  thither, 
r  and  several  of  tJiem  collected  into  one.     We  readied  iba 
hut,  l\n:  floor  tif  which  iippcarod  to  be  of  the  original  moun- 


tjun  slab ;  there  was  a  space  for  cooking  walled  off  from 
thr  iiluuiun^^-room,  half  of  wliich  was  raised  above  the  floor, 
aud  cfintaini^  a  (jitantity  of  old  hay.  Tlii!  number  2404 
mfetrejs  the  height,  I  suppose,  of  the  plai'e  above  the  sea, 
was  paiiiled  on  Uie  door,  hehind  which  were  also  tlie  names 
<if  seTtral  well-known  ob8er\'er8 — Agassi;!,  Forbes,  Desor, 
DolfuBs.  JianiAay.  and  others — cut  in  the  wood,  A  loft  con- 
Udood  a  number  of  instniments  for  boring,  a  sun'eyor's 
ckiiiii,  routes,  atiil  other  mutt(>ra  After  dinner  1  made  my 
way  kIouo  towards  the  junction  of  the  Finsteraar  and 
lAUtemnr  glaciers,  which  unite  at  the  Abschwung  to  form 
tlio  U-Diik  stream  of  the  Unteraor  glacier.  Upon  the  great 
oentral  moraine  wliich  runs  between  the  branches  were 
perched  enormous  niaj»es  of  rock,  and,  under  the  over- 
bangmg  ledge  of  one  of  these,  M.  Agassiz  had  his  Hotel 
ii»  Xeufcltiiieloi».  The  rock  is  Btill  there,  bearing  traces  of 
oameK  now  nearly  obhterated  by  the  weather,  while  the 
fngmeuts  around  also  bear  inscriptions.  There  in  the 
vitderacKs,  in  the  gray  light  of  evening,  these  blurred  and 
bled  ovidences  of  human  a^^tivity  wore  an  aspect  of  sad- 
oeBS.  It  was  a  temple  of  science  now  in  ruins,  and  I  a 
nlitary  pilgrim  to  the  desecrated  blocks.  As  the  day  de- 
clined, rain  began  to  fall,  and  I  tumcil  my  face  towards 
my  ut'W  luirae ;  where  in  due  time  we  betook  ourselves  to 
onr  Iwy,  and  waited  hopefidiy  for  the  morning. 

t  our  hopes  were  doomed  to  diaapiMjintmeut.  A  vast 
ti^  uf  enow  fell  during  the  night,  and,  wlien  we  iirose, 
mod  the  glacier  covered,  and  the  air  tliick  with  the 
deMAiMling  dakea.  Wo  waited,  hoping  that  it  might  clear 
Djk  Imt  noon  arrived  and  paj^sed  without  improvement ; 
r  At^wood  was  esliaustcd.  the  weather  intemtely  cold, 
l.M»ording  to  tJie  men's  opinion,  hopelessly  bad ; 
apposed  the  idea  of  u£cendiiig  further,  and  we  bad 
I  no  alternative  but  to  pack  u|i  ami  move  down- 
yrimt  WHS  snow  ut  the  higher  i-levatious  changed 
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to  rain  lower  down,  and  drenclied  us  completely  Iteforo  w( 
reached  the  GrimoeL  But  tliough  thiis  partially  foiled  il 
our  design,  this  visit  tAUglit  us  much  regarding  the  struo 
ture  and  general  phenomena  of  the  glacier. 

The  momiug  of  the  24th  was  clear  and  calm :  we 
with  the  sun,  refreshed  and  strong,  and  crossed  the  Orimeai 
poBS  at  an  early  hour.  The  view  from  the  summit  of  tbi 
pass  was  lovely  in  the  extreme ;  the  sky  u  deep  blue,  Uu 
■rounding  summits  all  enamelled  with  the  newly-faUei 
snow,  which  gleamed  with  dazzling  whiteness  in  the 
light.  It  was  Sunday,  and  the  scene  was  itself  a  Sabl 
with  no  sound  to  disturb  its  peri'ect  rest.  In  a  lake  wbiet 
we  passed  the  mountains  were  mirrored  without  distortitm^ 
for  there  was  no  motion  of  the  air  to  ruffle  its  surface.  Froi^ 
the  summit  of  the  Mayenwand  we  looked  down  upon  tb 
Ilhone  glacier,  and  a  noble  object  it  seemed, — I  hardl] 
know  a  finer  of  its  kind  in  the  Alps.  Forcing 
through  the  narrow  gorge  which  holds  tlie  ice  cascade 
its  jaws,  and  where  it  ia  greatly  riven  and  dislocated, 
spreads  out  in  the  valley  below  in  such  a  mauu6r  i 
clearly  to  reveal  to  the  mind's  eye  the  nature  uf  tl 
forces  to  which  it  is  subjf?cted.  Longfellow's  figure  is  quits 
correct ;  the  glacier  resembles  a  vast  gauntlet,  of  which  tht 
gorge  represents  the  wrist ;  while  the  lower  glacier,  ckifl 
by  its  fissures  into  finger-like  ridges,  ja  typified  by  the 

Furnishing  ourselves  with  provisions  at  the  adjacent 

we  devoted  some  hours  to  the  cxamiiifltion  of  the  lom 

portion  of  the   glacier.     The   dirt  upon  its  surface   wi 

anged  in  grooves  as  fine  asif  jirwluct^  by  the 

I  uf  a  rake,  white  the  laminated  structure  nfthedoepur 

I  always   corresponded  to  llie  superficial   grooving,     yft 

found  sevBTiil  shafts,  some  empty,  sorot?  filled  with 
I  At  one  place  our  atttution  van  attracted  by  a  nngulM 
noiws  evidently  produced  by  tlio  forcing  of  air  and  wal 
through  pa.-wigc-'*  in  the  body  of  tlic  glai-icr;  thi 
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KHB  and  r«U  for  several  luiQUteti,  like  a  kind  of  iutermittent 
mine,  remindiug  one  of  Hiigi's  livpotheBia  that  the  glucier 
was  alive. 

Wo  aftemnrds  dimbed  to  a  iroint  from  which  thp  whole 
gU«('r  vitui  visililc  to  us  from  its  origin  to  its  end.  Adjac'ont 
tM  i»  n»e  the  mighty  maan  of  the  Finsteraarhorn,  the 
iBotiiiivli  of  tiip  Oliorlaiid.  The  Galonatock  vaa  also  at 
'i  baQcL  while  ronnd  about  the  n/ci^  of  the  glacier  a  mountain 
wall  projected  its  jagged  outline  agaijiat  the  sky.  At  u 
distanfc  was  the  grand  cone  of  the  Woiashora,  tlien,  and  I 
JMlieve  sliU,  unstaled ;  further  to  the  left  the  magniflcent 
[)eaks  of  tlie  Migchabel :  while  l>etween  tliem,  in  savage 
iaolntion,  stood  the  obelisk  of  the  jVIutterhorii.  Near  ns  was 
tht)  «lisici  of  the  Furca,  all  covered  with  shining  snow,  while 
rtvcrliii**!  the  dark  bine  of  the  firmament  so  influenced 
(bo  ^ucral  scene  as  to  inspire  a  sentiment  of  wonder 
ojiproMching  Ut  awe.  We  descended  to  the  glacier,  and 
pruciied^tl  towards  its  source.  As  we  advanced  an  unnsual 
li^tt  fi-ll  upon  the  mountains,  and  looking  upwards  we 
«w  a  series  of  coloured  rings,  drawn  like  a  viWd  oJr- 
eatar  rainlMtw  quite  round  the  sun.  Between  the  orb 
«Dd  oa  spread  a  thin  veil  <)f  cloud  on  which  the  circles 
<rt<re  painted ;  the  western  side  of  the  veil  soon  melted 
away,  awl  with  it  the  colours,  but  the  eastern  half  ri-mained 
a  quarter  of  an  hour  longer,  and  then  in  its  tiun  dlsap- 
pcan^  The  crovassea  became  more  frequent  and  dan- 
f^eroos  as  wu  ascended.  They  were  usuidly  furnished  with 
. OveriiaiigiDg  eiives  of  snow,  from  which  lung  icicles  de- 
1,  and  to  tn;ad  on  which  might  be  f»tn!.  We  irere 
>  j»ur(.'i>  of  the  glacier,  but  the  time  necessary  to 
B  iiuverthelesB  indefinite,  so  great  was  tlic  enttui- 
t  of  fissures.  We  followed  one  huge  chit'sui  lor  some 
iif  yards,  hoping  to  cross  it;  but  after  half  an 
liUt^M  clfort  we  found  ourselves  Itaffled  and  forced 
J  tfiir  slejjg. 
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The  euu  was  elopinj^  to  tlie  west,  and  we  thought  it  wisd 
to  return ;  so  clown  the  glacier  we  wont,  mingling  out 
footsteps  with  the  tracks  of  chamois,  wliile  the  frightenedl 
marmots  piped  incessantly  from  tlio  rocks.  We  reached 
the  laud  once  more,  and  halted  for  a  time  to  look  upoi 
the  scene  witliin  view.  The  morvellouB  hlueneas  of  thd 
sky  in  the  earlier  part  of  tlie  day  indicated  that  the  air 
charged,  alinost  to  saturation,  with  traiisjiarent  aqueoni 
vapour.  As  tlie  eun  sank  the  shadow  of  the  Finate^la^ 
horn  was  lyist  through  thi?  adjacent  atmosphere,  which^ 
thus  deprived  of  the  direct  rays,  cnrdled  up  into  risibli 
fog.  The  condensed  VBiwur  moved  slowly  along  the  Hank) 
of  the  mountain,  and  poured  itseli'  cataract-like  into  tifi 
valley  of  the  Bhone.  Hero  it  met  tlie  sun  again,  whitd 
reduced  it  once  more  to  the  invisible  state.  Thus,  thot^ 
there  was  an  iucessant  supply  from  the  generator  behind! 
the  fog  made  no  progress ;  as  in  the  case  of  the  moviDj 
glacier,  the  end  of  the  cloud-river  remained  statiooai] 
where  eonsamption  vas  equal  to  supply.  Proceeding  ale 
the  mountain  to  the  Furco,  we  found  the  volley  at  i 
further  side  of  the  pass  also  filled  with  fog,  wliich  rose,  li 
a  wall,  high  above  tlic  region  of  actual  shadow.  Once 
tuniing  a  corner  an  exclamation  of  surprise  hurst  simul 
taneously  from  my  companion  and  myself.  Before 
of  us  and  against  the  wall  of  fog,  stood  u  spectral  i 
of  a  man,  of  colossal  dimensions ;  dark  as  a  whole, 
bounded  by  a  coloured  outline.  We  stretcheil  forth 
arms ;  the  spectres  did  the  same.  Wo  raised  our  alpei 
stocks :  the  spoctres  also  flourishetl  their  tmtons.  All  o 
actions  were  iinitutwi  by  these  fringed  and  gigantic  shadi 
Wo  had,  m  fact,  the  Spirit  of  t/uf  Brucken  before  Us  in  n« 
fectiou. 

At  the  time  hero  TL-ferred  to  I  liail  had  but  little 
rience  of  alpine   phenomena.     I  hod   lieen  tlirongh 
((["■rland    in   18.50,  l»ut   was  then  too  ignorant  to   Icii 


1-3  THE  TYKOL.  23 

mucli  from  my  eieursion.  Hence  tlie  noTelty  of  this  day's 
exiierienco  may  Lave  rendered  it  impressive :  still  even 
11' )W  I  tlunk  Uicre  was  on  iutrinsic  gmndcur  in  Hn  [ibeuoiueua 
which  entitles  the  day  to  nink  with  the  most  remarknble 
that  I  liave  ejient  among  the  Aljis,  At  the  Furca,  to  my 
great  regret,  the  joint  raniblings  of  my  friend  and  myself 
ended ;  I  ported  from  him  on  the  mountain  side,  and 
tratched  him  descending,  till  the  gray  of  evening  finally 
hid  hjai  from  my  view. 


13.) 

J  Bubsequeiit  destination  was  Vienna ;  but  I  wished  to 

tiate  mth  my  joiimoy  thither  a  visit  to  some  of  the 

B  of  the  Tyrol.     At  Landect,  on  the  2ytli  of  August, 

Q(nl  that  the  nearest  glacier  was  that  adjaeeot  t<i  the 

tet«ch   Alp,   at  the   head   of  the  Kaunserthal ;  and  on 

Bjolluwiug  morning  I  was  on  my  way  towards  this  valley. 

;lit  to  obtain  a  guide  at  Kalt^brunnen,  bnt  failed ; 

I  aOcmmrds  walked  to  tlie  little  hamlet  of  Fenthten, 

[  put  up  at  a  very  lowly  inn.     My  host,  I  believe, 

I  never  seen  an  Engllslunan,  but  he  had  heard  of  sncli. 

t  rmuorked  Ut  me    in  liis  patois  with  empluuds,    "  Die 

ider  sind  die  kii!inat«  Leute  in  dieser  Welt"  Tliroiigh 

EmolijitiuD  I  secured  a  chamois-hunter,  named  Johann 

p,  to  be  my  guide,  and  next  morning  I  started  with  this 

I  up  Uie  valley.     The  sun,  as  we  ascended,  smote  the 

li  oiul  na  with  great  power ;  higb  mountains  flanked 

3  (lither  aide,  while  in  front  of  us,  closing  tlie  view,  was 

!)  of  UiK  Weiflskugel,  covered  with  snow.     At  tliree 
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I  o'clock  we  came  in  sight  of  the  glacior.  and  soon  aflcrwarda 
I  mads  the  acquaintance  of  the  Senner  or  cheeBemakera 
the  Gebatech  Alp. 

The  chief  of  tliese  was  a  fine  tall  fellow,  witli  free,  fraoli 

countenance,  which,  however,  had  a  dash  of  tlie  mountau 

wildneas  in  it.     His  feet  were  bare,  he  wore  breeches, 

fragments  of  stockiDgs  partially  covered  his  legs,  leaviii|j! 

n  black  zone  between  the  upper  rim  of  the  sock  and  tfat 

I  breeches.     His  feet  and  face  were  of  the  same  swartby 

'   hue  i  still  he  was  handsome,  and  in  a  measure  pleasani 

I  to  look  upon.     He  asked  me  what  be  could  cook  for  me, 

,   and  I  requested  some  bread  and  milk ;  the  former  wai 

montli  old,  the  hitter  was  fresh  and  delicious,  and  on  tli< 

\  I  fared  sumptuously.     I  went  to  tJie  glacier  afterwordi 

with  my  guide,  and  remained  u^Mm  the  ice  until  twili^t* 

when  we  returned,  guided  by  no  path,  but  passing  oniic 

■  crags  grasped  by  tlie  gnarled  roots  of  the  pine,  tbrough 

I   green  dells,  and  over  bilberry  knolls  of  exquisite  coloarin^ 

My  guide  ki-pt  in   advance   of  me   singing  a  TvToleBB 

melody,  and  his  song  and  the  surrounding  sceno  re^nyed! 

and  realised  all  the  im[)re8siuns  of  my  boyhood  regardJnjp 

the  Tyrol. 

Milking  if/fs  over  when  we  returned  to  the  chfilet,  which 
i  now  contained  four  men  exclusive  of  myself  and  my  guide; 
I  A  fire  of  pine  logs  was  made  upon  a  platform  of  stonc^ 
I  elevated  three  feet  above  the  floor;  there  was  no  chimooy, 

the  smoke  found  ample  vent  through  the  holes 
I  fissures  in  thp  sides  and  roof.  The  men  wore  all  intenwly 
sunburnt.  Uio  legitimate  brown  deepening  into  black  iritll 
I  beard  and  dirt.  The  cliicf  senner  prG]>ared  suppor,  break- 
I  ing  eggs  into  a  dinh.  and  using  his  black  tiugcra  to  emp^ 
I  the  shell  whi?ii  tlje  albumen  was  refVartory.  A  Baa 
\  enct  figll^?  he  was  as  he  stood  in  the  glowing  light  of  t 
.  All  the  men  were  smoking,  and  now  and  iJiun 
bniiid  WHS  taken  from  thn  fire  to  light  a  renewed  piiw, 
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s  roddy  glare  ttang  thereby  over  the  wild  countenance  of 
th«  fitnokor.  In  une  uomer  of  the  ch&let,  and  raised  high 
olnrc!  tlie  grouiul.  was  a  large  bed,  covered  with  clothes 
i4  thu  most  dubioua  hlack-bronn  hue ;  at  one  end  was  a 
little  water-wheel  turned  by  a  brook,  wliich  commnni- 
L-aled  motion  to  a  tiliumdaah  which  made  the  bnttcr.  The 
licama  an<i  raftens  wer«  covered  witb  t-hoeses,  drying  in  the 
nnn  Hniuke.  The  aenner,  at  my  request,  showed  me  his 
itareroom,  and  explained  to  me  the  process  of  making 
cbMSo,  Us  interest  to  me  eoneisting  in  its  bearing  upon 
tha  questioQ  of  slaty  cleavage.  Three  gigantic  masses  of 
hollar  were  in  the  room,  and  I  amused  my  host  by  calling 
tham  butter^laoien*.  Smni  afterwards  a  bit  of  cotton  ww* 
Knck  in  «  lump  of  gre**?,  which  was  placed  in  a  lantom, 
uul  tlie  wick  ignited ;  the  chamois-hunter  took  it,  and  led 
llie  way  to  our  reeting-jilace,  I  having  pi-eviously  declined 
a  good-natured  invitation  to  sleep  in  the  big  black  Imd 
already  referred  to. 

Tliere  was  a  cowhouse  near  the  ch&let,  and  al»ve  it. 
nuaed  on  pillars  of  pine,  and  approaclied  by  a  ladder,  mis 
a  loft,  which  contained  a  quantity  of  dry  Iiay:  tliis  my 
ffude  Hliook  to  soften  the  lumps,  ami  erected  an  eminence 
for  my  bead.  I  lay  down,  drawing  my  plliid  over  me,  but 
Aner  utiirmed  that  this  would  not  be  a  buflicient  protec- 
Uoa  liguimtt  Uie  cold ;  lie  therefore  piled  bay  upon  mc  to 
f  sbouldcnt,  mid  projiosed  eoverirg  up  my  head  also. 
,  biiwover,  I  deolim-il,  tliough  the  hiting  coMnesH  "f 
,  wliidl  Si.im(ftiTue8  blew  in  upon  us,  afterwanL^ 
I  to  TOO  the  wisdom  of  the  suggestion.  Having  set 
^bl,  oiy  chamois-hunter  prepared  a  place  for  liimseU', 
L  won  Ilia  heavy  breathing  informed  me  that  he  was 
>  vbttv  of  \Aiis  which  I  could  only  euvy.  One  by  one 
I  ttan  crottfrtl  the  apertures  in  the  roof.  Once  the 
t  hung  al«ve  me  like  a  cluster  of  gems ;  1  tried  to 
B  tiiein.  but  there  was  no  fervour  in  my  admiration. 
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Sometimes  I  dozed,  but  always  as  this  waa  about  to  deepen 
into  posidve  sleep  it  was  rudely  broken  by  ihe  viwr 
mour  of  a  group  of  pigs  whicli  occupied  the  ground-flwaf 
of  our  dwelling.  The  object  of  each  individual  of  tlifl 
group  was  to  secure  for  hiiuBelf  tlte  maximum  amount  o 
heat,  and  hence  the  outside  members  were  iiioessaatlj 
trying  to  become  inside  ones.  It  was  tie  struggle  « 
radical  and  conservative  among  the  pachyderms,  the  pnlitioi 
being  determined  by  the  accident  of  podtioii, 

I  rose  at  five  o'clock  on  the  Ist  of  September,  and  aftei 
a  breakfast  of  black  bread  and  milk  ascended  the  gl« 
as  far  as  practicable.  We  once  quitted  it,  crossed  a  piw 
montory,  and  descended  upon  one  of  its  branches,  whi 
waa  flanked  by  some  tine  old  moraines.  We  here  c 
upon  a.  group  of  seven  marmots,  which  with  yells  i 
terror  scattered  themselves  among  the  rocks.  The  pointl 
of  the  glacier  beyond  my  reach  I  examined  through  I 
telescope ;  along  the  faces  of  the  sectioDS  the  lines  of  sttft 
tification  were  clearly  shown ;  and  in  many  places  wfaer^ 
the  mass  showed  manifest  signs  of  lateral  pressure,  I' 
thought  I  could  observe  the  cleavage  passing  through  tli% 
strata.  The  point,  however,  was  too  important  to  res^ 
upon  an  observatiou  made  from  such  a  distance,  and  1 
therefore  abstained  from  mentioning  it  subsequently.  1 
examined  the  fissures  and  the  veiuiug,  and  noticed  hum 
the  latter  became  most  perfect  in  places  where  the  j 
sure  was  greatest.  'JTie  effect  of  Mique  jireasure  was  aLtt 
finely  shown :  at  one  place  the  thmst  of  the  de 
glacier  was  opposed  by  the  resistance  offered  by  the  sidi 
of  the  valley,  the  direction  of  the  force  being  oblique  ti 
the  side :  the  consequence  was  a  structure  nearly  pamlU 
to  the  valley,  and  consecinently  oblique  to  the  tliruat  whid 
I  believe  to  be  its  caum;. 

After  five  hoiu«'  examination  we  returned  to  our  cliftlel 
where  we  refreslied  ourselves,  put  our  things  in  order,  a 
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faced  a  nameleaB  "  Jocli,"  or  paaa ;  our  aim  being  f o  crose 
thi)  mouutains  into  th^  valley  of  Lantaufer,  aud  reaeli 
OtHUii  thut  eveiiing.  Afl^r  a  rough  asceut  over  the  alp 
wc  OJUDu  to  the  dead  crag,  where  the  weather  had  broken 
Q[>  the  muuntaine  into  ruinous  heaps  of  rock  aud  shingle. 
\Vo  r«ach«d  the  end  of  a  glacier,  the  ice  of  which  was 
eorered  by  sloppy  buow,  and  at  some  distance  up  it  came 
Dpon  an  islet  of  stones  aud  debris,  where  we  paused  to  rest 
(mroelves.  My  guide,  as  usual,  ranged  over  Uie  summita 
irith  hifl  telo9co])e,  and  at  lengtli  exclaimed.  "  I  gee  a 
dunwuf."  Tlie  creature  stood  upon  a  cliff  souie  hundreds 
(f  yutb  to  our  left,  and  seemed  to  watch  om-  movementa. 
Itwu  a  most  graceful  animal,  and  its  life  and  beauty  stood 
mt  ID  forcible  antitheais  to  the  surrounding  savagery  and 
death. 

Ou  the  steep  slopes  of  the  glacier  I  was  assisted  by  the 
band  of  my  guide.  In  fact,  on  this  day  I  deemed  places 
■kngerDtia,  and  dreaded  them  as  such,  which  subsequent 
|mutticc  enabled  me  to  regard  with  perfect  indifference ; 
IDitch  tloes  what  we  call  courage  depend  upon  habit,  or 
the  fa<Tt  of  knowing  that  we  have  really  nothing  to  fear, 
itletw  then-  are  times  when  a  climber  has  to  make  up 
for  very  unpleasant  poeaihilities,  and  even  gather 
calnuieflB  from  the  contemplation  of  the  worst;  but  in  most 
eaaea  I  sbonld  say  that  his  conrage  is  derived  from  the 
latent  feeling  that  the  chances  of  safety  are  immensely  in 
hia  Cavour. 
An«r  M  tough  stru^le  we  reached  the  narrow  row  of 
which  form  the  crest  of  the  pass,  and  looked  into 
world  of  mountain  aud  cloud  on  tlie  other  side.  The 
of  stem  grandeur — the  misty  lights  and 
clnnd-glnoms  being  so  disposed  us  to  augment  the 
of  vafltnesB  which  the  scene  conveyed.  The 
at  the  summit  was  exceedingly  keen,  but  it  gave 
tone,  and  we  sprang  swiftly  downward 
0  2 
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through  the  j-ielding  debris  whicli  lii.'re  overlies  the  moon- 
tarn,  aud  in  wliiuh  we  sometimes  sank  to  the  knM 
Lower  down  we  came  once  more  upon  the  ice.  The 
oier  liad  at  one  place  melted  away  from  its  boondin^f 
cliff,  which  rose  vertically  to  our  right,  while  a  wall  of  ice 
tlO  or  80  feel  high  was  on  our  left.  Between  botli  ^ 
a  DiUTow  passage,  the  floor  of  whidi  wus  snow,  whj 
I  knew  to  be  hollow  beneath:  my  companion,  howevei) 
was  in  advance  of  me,  and  lie  being  the  heavier  mai 
where  he  trod  I  followed  without  hesitation.  On  turu- 
ing  an  angle  of  the  rock  I  noticed  an  espressioD  < 
concern  upon  his  countenance,  aud  he  muttered  aiidibl]^ 
"I  did  not  expect  this."  The  snow-floor  had,  in  fncti 
given  way,  and  exposed  to  new  a  clear  green  lake,  OM 
boundary  of  which  was  a  sheer  precipice  of  rock,  and  thi 
"ther  the  af'ores«id  wall  of  ice;  the  latter,  however,  ciuv^ 
H  little  at  its  base,  so  as  to  fonn  a  short  steep  doft 
which  overhung  the  water.  My  guide  first  tried  the  glop< 
alone ;  biting  the  ice  with  his  shoe-nails,  aud  boldiug  o 
by  the  spilie  of  his  baton,  he  reached  the  other  aide.  H* 
then  returned,  aud,  divesting  myself  of  all  sui 
clothes,  as  a  prejiamtion  for  the  plunge  which  I  full] 
expected,  I  also  passed  in  safety.  Proliably  the  consciow) 
uess  that  I  bad  water  to  fall  into  instead  of  pure  spc 
enabled  me  to  get  across  witliont  anxiety  or  mtechanoS' 
but  bad  I,  like  my  guide,  been  unable  to  swim,  my  feelia 
would  have  been  far  different. 

Tliitt  accomplished,  we  went  snil'tly  tloviti  the  vallej 
and  the  more  I  saw  of  my  guide  ihe  more  I  likud  1 
He  might,  if  be  wished,  have  made  his  day's  jwiniel 
\  shorter  by  stopping  bi^fure  he  rcaelied  Graun,  but  h 
would  not  do  HO.  Every  wortl  be  said  to  mo  regaidll^ 
diatuikces  was  tnie,  and  there  was  not  the  sli^htcet  dexii 
shouu  to  magnify  liia  own  lal>our,  I  Ivamt  by  iner»  ted 
deut  that  tlie  day's  work   had  cut  up  lii«  fi^i-t,  iMtt  U 
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cheerfaloeSB  aod  energy  did  not  bate  n  jut  til!  In;  liad  ianded 
me  in  the  Black  Eagle  at  Uraun.  Next  morning  he  came 
to  tny  room,  and  saiil  tliat  lie  felt  sufficiently  refreshed 
to  return  home.  I  [(aid  bira  what  I  owed  him,  when 
he  took  uy  hand,  aiid,  silently  bending  down  his  head. 
H;  then,  standing  erect,  he  sti'ett^hed  forth  liis 
rX^t  band,  which  I  ^rasjied  firmly  in  mine,  and  bade  him 
oil ;  and  thus  I  parted  from  Johann  Auer,  my  bravi- 
t  truthful  chamois-hunter. 
I  the  following  day  I  met  Dr.  Fraukhtnd  in  the  Finster- 
aimtz  psKs,  and  that  night  we  bivouacked  together  at 
Uale.  Hea*y  rain  fell  throughout  the  night,  but  it  came 
from  a  region  high  above  that  of  liquidity.  It  was  first 
mow,  which,  bs  it  descended  through  the  warmer  strata 
of  thi!  atmosphere,  was  reduced  to  water.  Overhead,  in 
the  air.  might  bo  traced  a  surface,  below  which  the  preci- 
pitfttu  was  li<]Uid,  above  which  it  was  solid ;  and  this  sur- 
Akx,  intetsectiug  the  mountains  which  surround  Mais, 
marked  upon  them  a  beautifully-defined  gtiow-Uve,  below 
which  the  pines  were  dark  and  the  paBlures  green,  hut 
above  whicli  pines  and  pastures  and  crags  were  covered 
wHb  thi-  fru^hly-fallen  snow. 

Ou  xlv!  2nd  of  September  we  crossed  the  8toIvip.  The 
browii  con«  of  the  well-known  Madalsehspitze  was  clear,  bill 
th«^  higiwr  summits  were  clouded,  and  tlie  fragments  of  sun- 
Hhibo  which  reached  the  lower  world  waTiJered  like  gleams 
of  fluyre*>^nt  light  over  the  glaciers.  Near  tJie  snuw-liui- 
partial  molting  of  the  aiow  had  rendered  it  coarBi'ly 
DSlar,  hut  as  we  ascended  it  became  finer,  and  the  light 
from  it«  cracks  and  cavities  a  pnre  and  deep 
^VTien  u  staff  was  driven  into  the  siiuw  low  down 
iDoantaiD.  the  wlour  of  the  light  hi  the  orifice  wus 
ily  seusibly  blue,  but  higher  up  this  increased  in  a 
"  ''  d^ree.  and  at  the  summit  the  effect  was  mar- 
,'  s^ck  my  staff  into  the  snow,  and  turned  it 
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round  and  round ;  the  surroimdiiig  snow  cracked-^ 
edly,  and  flashes  of  bine  light  iseued  from  the  f 
The  fragments  of  snow  that  adhered  to  the  staff  were,  t^ 
contrast,  of  a  beautiful  piuk  yellow,  so  that,  on  mo>'iiig  tli9 
staff  with  Buch  fragments  attached  to  it  up  and  dowit,  it 
was  difBcult  to  resist  the  impression  that  a  pink  flamo  ' 
aaeending  and  descending  in  the  hole.  As  we  went  dowv 
tile  other  side  of  the  pass,  the  effect  became  more  a 
more  feeble,  until,  near  the  snow-line,  it  almost  wholly  d 
appe^l^ed. 

We  remained  that  iiight  at  the  baths  of  Bormio,  but,  tlM 
following  rtfternoon  being  fine,  we  wished  to  avail  oiirselvM 
of  the  fair  weather  to  witness  the  scene  from  the  summit  o 
tlie  pass.  Twilight  came  on  before  we  reached  Santa  Maiil^ 
but  a  gorgeous  orange  overepread  the  western  horizon,  fi 
whicl)  we  hoped  to  derive  sufficient  light.  It  was  a  little 
too  late  when  we  reached  the  top,  hut  still  the  scene  » 
magnificent.  A  multitude  of  motmtains  raised  their  orowaa 
towards  heaven,  while  above  all  rose  tlie  snow-white  cone 
of  the  Ortler.  Par  into  the  valley  the  giant  stretched  i 
granite  limbs,  until  they  were  hid  fixjm  us  by  darkness.  A^ 
this  deepened,  the  heavens  [>ecame  more  and  more  cTOWdod 
wit!)  stars,  which  blazed  like  gems  over  the  heads  of  thd 
mountaios.  At  times  the  silence  was  perfect,  unbrokeB 
save  by  the  crackling  of  the  frozen  snow  beneath  onr  own 
feet;  while  at  other  times  a  brt^ezc  would  swoop  dowi 
upon  us,  keen  and  hostile,  scattering  the  snow  from  the  P 
of  the  wooden  galleries  In  frozen  powder  over  us.  Loi^ 
after  night  had  set  in,  a  ghastly  glpam  rested  upon  I 
summit  of  the  Ortler.  while  tike  peaks  iu  frunt  devpraed  ft 
a  dusky  neutral  tint,  the  more  distant  ones  U^ing  loot  i 
gloom.  \Vc  descended  at  a  swift  paco  to  Trafoi,  whiob  v 
reached  before  11  P.M. 

Mcran  was  our  uext  reating-pkce,  whence  we  InnM 
through  the  Schnalzerthal  to  Unserfrau,  and  thtoice  m 
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the  Ho<Ajocli  to  Fend.  From  a  religious  proccssioii  we 
MA  a  guide,  who,  tLough  portly  intoxicated,  did  his  duty 
well.  Before  reaching  the  aummit  of  the  pass  we  were 
MMili<(l  by  a  violent  hailstorm,  each  hailstone  being  » 
&ou>n  cone  with  a  rounded  end.  Had  not  their  motion 
Uiniugh  the  air  something  to  do  with  the  shape  of  these 
luilxtonev?  The  theory  of  meteorites  now  generally 
acce{)k-d  is  that  they  are  small  planetary  bodies  drawn  to 
lie  tmrth  by  gravity,  and  brought  to  incandescence  by 
tnation  against  the  earth's  atmosphere,  iifuch  a  body 
moving  through  the  atmosphere  must  have  condensed  hot 
•ir  in  fn>nt  of  it,  and  rarefied  cool  air  behind  it ;  and  the 

isame  ia  true  to  a  small  extent  of  a  hailstone.  This  distri- 
taticmof  temperature  must,  I  imagine,  have  some  iutiuencc 
on  the  shape  of  tlie  stone.  Possibly  also  the  stratified  ap- 
I  pear»Dce  of  aome  hailstones  may  be  connected  with  this 
f     action." 

The  hail  ceased  and  the  heights  above  us  cleared  as  we 
osc^udcnl.  At  the  top  of  the  pass  we  found  ourselves  on 
the  verge  of  a  great  »(f«t',  which  lay  between  two  ranges  of 
AuninitK,  sloping  down  to  the  hose  of  each  range  from  a 
lligli  and  rounded  centre :  a  wilder  glacier  scene  I  have 

Iscly  witnessed.  \Viahing  to  obtain  a  more  pirfect 
of  the  region,  I  diverged  from  the  track  followed  by 
Frankland  and  the  guide,  and  climbed  a  ridge  of  snow 
It  half  a  mile  to  the  right  of  them.  A  glorious  expanse 
'  lik«  tho  fallowing  Boconnl  'it  a  grander  atorm  of  thu  Above  ckumi- 
DO  HCKikvr'ii '  Hinuliiyuii  Jooraala.'  vol.  ii  p.  4UG. 
"  Oo  tltv  SOUi  (Muuh,  ISIU)  we  bnd  a  ctuuiga  iu  tlit>  m-nthet :  a  violent 
■lurai  (n>iD  Ilia  wmlh-wcit  ooouned  at  noou,  with  lioil  ola  ittiangi'  Tunu, 
iSiii  tUiara  hfiiig  ncctioiui  of  hollow  ipheiea,  half  an  inch  acmia  Hiid  ii]y 
wanU.  E^'mxil  »r<,iili"ii  with  trancitted  apiwB  aud  colirel  linii«v :  Uiiw 
ftauw  vnre  ofC^^gnto'l  logi'tbor  with  thuir  basei  uutwiirHs.  The  large 
nifi  I  wrD'  rotlowud  lij  a  ahower  of  tllo  separata  conical  piive«,  and  tlinl 
hj  kmtj  null  Ou  the  monnUiiis  this  atonu  waa  moat  severe :  the  »tanea 
Uf  at  Dotjllmg  tot  tayeii  dnja,  coiigeoled  into  miummi  of  ion  several  feet 
loi^  and  •  fml  Uiii-k  iu  alwltured  pUici.-g :  nt  I'arueaL,  httj  ailn  wiutli, 
liiri  .|-yi  anil  tmi  tnah«t  acrota  fell,  probably  m  wliole  «pberM." 
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was  before  me,  stretching  itself  in  vast  undulations,  and 
heaping  itself  here  and  there  into  mountainous  cones, 
white  and  pure,  with  the  deep  blue  heaven  behind  them. 
Here  I  had  my  first  experience  of  hidden  crevasses,  and  to 
my  extreme  astonishment  once  found  myself  in  the  jaws  of 
a  fissure  of  whose  existence  I  had  not  the  slightest  notice. 
Such  accidents  have  often  occurred  to  me  since,  but  the 
impression  made  by  the  first  is  likely  to  remain  the 
strongest.  It  was  dark  when  we  reached  the  wretched 
Wirthshaus  at  Fend,  where,  badly  fed,  badly  lodged,  and 
disturbed  by  the  noise  of  innumerable  rats,  we  spent 
the  night.  Thus  ended  my  brief  glacier  expedition  of 
1856 ;  and  on  the  observations  then  made,  and  on  subsequent 
experiments,  was  founded  a  paper  presented  to  the  Boyal 
Society  by  Mr.  Huxley  and  myself. 
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EXPEDITION   OF    1857. 


THE  LAKE  OF  GENEVA. 


(i) 


The  time  occupied  io  the  observations  of  1856  embrai^ed 
abooL  five  whole  days ;  and  though  these  days  were  labo- 
rioiig  aud  iDstructive,  still  so  short  a  time  proved  to  be 
wholly  incommetisurate  with  the  claims  of  bo  wide  a  pro- 
blem. Duriog  the  subsequent  esiierimental  treatmeut  of 
the  subject,  I  had  often  occasion  to  feel  the  incompleteness 
of  my  knowledge,  and  hence  arose  the  desire  to  make  a 
second  expedition  to  tlie  Alps,  for  the  purpose  of  expand- 
ing, fortifying,  or.  if  necessary,  correcting  first  impressious. 

On  Timrsday.  the  9th  of  July,  18>7, 1  found  myself  upon 
the  Lake  of  Geneva,  proceeding  towards  Vevey.  I  had 
long  wished  to  see  the  waters  of  this  renowned  inland  sea. 
the  colour  of  which  is  perhajra  more  interesting  to  the  mnu 
of  science  than  to  the  poets  who  have  sung  about  it.  Long 
«ga  ita  depth  of  blue  excited  attention,  but  no  ayatematic 
Momination  of  the  subject  has,  so  far  as  I  know,  been 
attempted.  It  may  be  that  the  lake  simply  exhibits  the 
colour  of  pure  water.  Ice  is  blue,  and  it  is  reasonable  fo 
«appo9«  that  the  liquid  obtained  from  the  fusion  of  ic«  is 
i>f  the  same  colour;  but  still  the  question  presses — "Is  the 
blue  of  the  Lake  of  Geneva  to  be  entirely  accounted  for 
in  this  way?"  The  attempts  which  have  been  made  to 
ei[>lun  it  otherwise  show  that  at  least  a  doubt  exists  as  to 
liie  sutlicicncy  of  tlie  above  explanation. 

It  is  only  in  its  deeper  portions  that  the  colour  of  the 
Uktj  is  properly  seen.  Where  the  bottom  comes  into  view 
the  pure  efifect  of  the  water  is  disturbed ;  but  wUere  the 
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water  is  deep  the  colour  is  deep :  between  Rolle  and 
Nyon  for  example,  the  blue  ie  superb.  Where  the  blu& 
was  deepest,  however,  it  gave  me  the  im])re8sioQ  of  turbidity 
rather  than  of  deep  transparency.  At  the  upper  portion  of; 
the  lake  the  water  through  which  the  steamer  passed 
of  H  blue  green.  Wishing  U>  see  the  place  where  the  Hhone 
enters  the  lake,  I  walked  on  the  morning  of  the  lOth 
from  Villeneuve  to  Novelle,  and  thence  through  the  woodi 
to  the  river  side.  Proceeding  along  an  embankmeiit« 
raised  to  defend  the  adjacent  laud  from  the  ineuiBJons  i^ 
the  river,  an  hour  brought  me  to  the  place  where 
empties  itself  into  the  lake.  The  conti'ast  between  tb^ 
two  waters  was  very  great:  the  river  was  almost  whlttf 
with  the  finely  divide<l  matter  which  it  held  in  BUspengioQ} 
while  the  lake  at  some  distance  was  of  a  deep  ultramarine. 
The  lake  in  fact  forms  a  reservoir  where  the  partideff 
held  in  suspension  by  the  river  have  time  to  subside,  and 
its  waters  to  become  pure.  The  subsidence  of  course  takes 
placo  must  copiously  at  the  head  of  tho  lake:  and  hem 
the  deposit  continues  to  form  new  land,  adding  year  by 
year  to  the  thousands  of  acres  which  it  has  already  le 
behind  it,  and  invading  more  and  more  the  space  occupi< 
by  the  water.  Innumerable  plates  of  mica  spangled  tlu 
fine  sand  which  the  river  brought  down,  and  these,  mixinj 
with  the  water,  and  flashing  like  minute  mirrors  as  the  Gmn'l 
rays  fell  ujwn  them,  gave  the  otherwise  muddy  stream 
silverj-  apjMiarauce,  Had  I  an  opportimity  I  would 
the  following  experiments : — 

(a.)  C\)ni|iare  the  colour  of  the  light  transmitted  by 
column  of  the  lake  water  fifteen  feet  long  with  t' 
mitted  by  a  secorui  column,  of  the  sumo  lengtli,  derin 
from  tlie  melting  of  freshly  fallen  mountain  suow. 

(6.)  Coinjiari?  in  the  samu  manner  tin-  coloiu-  of  the 
nary  water  of  the  hike  svith  that  of  tht>  smue  water  afti 
careful  distillalion. 
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(e.)  Strictly  examiue  whether  the  light  tranBmitted  by 
lh(>  {trdiuary  water  contains  an  excess  of  red  over  that 
tnusmttted  by  the  liixtilled  water:  this  latT«r  poiut.  as 
mV.  he  seoo  farther  ou,  is  one  of  peculiar  interest. 

Tile  length  is  tixed  at  fifteen  feet,  because  I  have  found 
this  1(!Q^  extremely  efBcieut  in  similar  esi>erimeut9. 

Od   retorning   to   the  pier   ut  Villeneuve,    a   peculiar 

Sioktrring  motion  was  manifest  upon  the  surface  of  the  dis- 

laul  iKirtions  of  the  lake,  and  I  soon  noticed  that   the 

!      ftjtt*t   line  waa   inverted   by   atmospheric  refraction.     It 

^^uuirixl  a  long  distance  to  produce  the  effect:  no  trace 

^^^Kt  was  seen  about  the  Castle  of  Chillon,  but  at  Vevey 

^^^P  beyond  it,  the  whole  coast  was  clearly  inverted ;  and 

^^n  hoitsea  on  the  margin  of  the  lake  were  also  imaged  to 

"   ■  certain  height   Two  boats  at  a  considerable  distance  pre- 

wnt^  die  appearance  sketched  in  Figti.  3  and  4 ;  the  hull 


ich,  except  a  small  |X)rtion  at  the  cud,  was  invisible, 

B  soils  seemed  lifted  up  high  in  ihe  air,  with  their 

jtDuge!*   below ;   as  the  boats  drew  nearer  the 

tearvd  iuvertefl,  the  ap[iarent  height  of  the  vessel 

B  surface  of  the  lake  heing  ihoreby  nearly  linubled. 
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while  the  sails  and  higher  objects,  in  these  cases,  were 
almost  completely  cat  away.  When  viewed  through  a 
telescope  the  Bensible  horizon  of  the  lake  presented  a  bit 
towy  tnmultuons  appearance,  fragments  being  incessantly 
detached  &om  it  and  suspended  in  the  air. 

The  explanation  of  this  effect  is  the  sarae  as  that  of  the 
mirage  of  the  desert,  which  may  be  fonnd  in  almost  any 
book  on  physics,  and  which  so  tantalized  the  French 
soldiers  in  Eg}-pt.  They  often  miBt4x>k  this  aerial  inversion 
for  the  reflection  from  a  lake,  and  on  trial  found  hot  and 
sterile  sand  at  the  place  where  they  expected  refreshing 
wateis.  The  effect  was  shown  by  Mouge,  one  of  the 
learned  men  who  accompanied  the  expedition,  to  be  doe 
to  the  total  reflection  of  very  oblique  rays  at  the  apper 
surface  of  the  layer  of  rarefied  air  whicli  was  nearest  to  the 
heated  earth.  A  sandy  plain,  in  the  early  part  of  the  day, 
is  peculiarly  favourable  for  the  production  of  such  effects ; 
and  on  the  extensive  flat  strand  which  stretches  between 
Mont  St  Michel  and  the  coast  adjacent  to  Avranches  in 
Normandy,  I  have  noticed  Mont  Tombeliue  reflected  as  if 
glass  instead  of  sand  surrounded  it  and  formed  its  mirror. 


Ok  the  evening  of  the  12th  of  July  I  reached  Chamouni ; 
the  weather  was  not  quite  clear,  but  it  was  promising; 
white  cnmuli  bad  floated  round  Mout  Blanc  durinj,'  the 
(Uy,  but  these  diiniuisbed  more  and  more,  and  the  light  of 
the  setting  sun  was  of  that  liugering  rosy  hue  which  bodea 
good  weather.  Two  parallel  beams  yf  a  purple  tinge  were 
drawn  by  tie  shadows  of  the  adjacent  peaks,  straight  acniss 
the  Glacier  des  Bossons,  and  the  Glacier  des  Pterins  was 
aiso  steeped  for  a  time  in  the  same  purple  light.  Once 
when  the  surrounding  red  illumination  was  strong,  the 
thndows  of  the  Grands  Mulets  falling  upon  the  adjacent 
snow  appeared  of  a  oivid  green. 

This  green  belonged  to  the  class  of  atibjective  colours,  or 
colours  produced  by  contrast,  about  which  a  volume  might 
be  written.  The  eye  received  the  impression  of  green, 
lint  the  colotir  was  not  external  to  the  eye.  Place  ii  red 
wafer  on  white  paper,  and  look  at  it  iuteutly,  it  will  be 
suiraunded  in  a  little  time  by  a  green  fringe ;  move  the 
wafer  bodily  away,  aud  the  entire  space  which  it  occupie<l 
iqxjn  the  (juper  will  appear  green.  A  body  may  have  its 
piwper  colour  entirely  masked  in  this  way.  Let  a  red 
wafer  be  attached  to  a  piece  of  red  glass,  and  from  a 
moderately  illuminated  iK)sitiun  let  the  aky  be  regarded 
through  the  glass :  the  wafer  will  api>ear  of  a  vivid  green. 
If  a  (itrong  beam  of  light  be  sent  through  a  red  glass  and 
lainsed  to  fall  u[hju  a  screen,  which  at  the  same  lirao  is 
moderately  illuminated  by  a  separate  source  of  white  light, 
an  opiujue  body  placed  in  the  path  of  the  beam  will  cast  a 
Kn  shadow  upon  the  screen  which  may  bo  seen  by  seve- 
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ral  hundred  persons  at  once.     If  a  blue  glass  be  nsed.  the 
shadow  will  be  yellow,  which  is  the  complementary  «>• 

,  lour  to  bhie. 

When  we  suddenly  pass  from  open  Hiinliglit  to  a  mode- 
rately illimunated  room,  it  appears  dark  at  firet,  hut  after 

I  a  little  time  the  eye  regains  the  power  of  seeing  objacta  di»- 
tinrtly.  Thiia  one  effect  of  light  upon  the  eye  is  to  render 
it  less  sensitive,  and  light  of  any  particular  eoloar  falling 
upon  the  eye  blunts  its  appreciation  of  that  colour.    Let 

I  apply  this  to  the  shadow  upon  the  screen.  This  shadoW' 
is  moderately  illuminated  by  a  jet  of  wlute  light;  but  tha 

I  space  siUTounding  it   is  red,   the  effect  of  which   upoa 

.  the  eye  is  to  blirid  it  in  some  degree  to  the  jierception  of 
red.  Hence,  when  the  feeble  white  light  of  the  shadow 
reaches  the  eye,  the  red  component  of  this  light  is,  ns  it 
were,  abstracted  from  it,  and  the  eye  sees  thu  retfiduid 
colour,  which  is  green.  A  similar  explanation  applies  to 
the  shadows  of  the  Grands  Muleta. 

On  the  13th  of  July  I  was  joined  by  my  friend  Mr. 
Thomas  Hirst,  and  on  the  I4th  we  examined  together  tht 
end  of  the  Mer  de  Glace.    In  former  times  the  whole  volums 

I  of  the  Arveiron   escaped   from   beneath   the  ice   at  the 

I  end  of  the  glacier,  fonning  a  fine  arch  at  its  place  of 
issue.  This  year  a  fraction  only  of  the  water  thus  fi3iin<l' 
egress ;  the  greater  portion  of  it  escaping  laterally  from  tlia 
glacier  at  the  summit  of  the  rucks  called  J^at  Motets,  dow 
which  it  tumbled  in  a  fine  cascade.  Thit  vault  at  thf) 
end  of  the  glacier  was  nevertheless  respectable,  and  ntheoi 
tempting  to  a  traveller  in  search  of  information  regard* 
ing  the  structure  of  the  ice.  Perhaps,  liowever,  Ifatora 
meant  to  give  mo  a  friendly  warning  at  the  out«ttt.  for* 
whili-  speciilming  as  to  the  wisdom  of  entering  tlie  imyetn, 

I  it  suddenly  gave  way,  and,  with  a  crash  which  rinJled 
thunder,  the  roof  strewed  itself  in  niins  ujion  th©  iloor. 
Many  years  ago  I  had  ri?fid   witli    doHght  Colendse! 


mamm 


W 

^■otn  entiUe<l  'Sunrise  is  the  Valley  of  Chamouni,'  and 
Wpwiwm  in  all  perfectiou  the  scene  described  by  the  poet, 
T  milwl  ftt  Cbamoaiii  a  day  longer  thau  was  otherwise 
MHMVy.  On  the  moruiug  of  Wednesday,  the  i5th  of  July, 
mAjCobb  before  the  sun ;  Mout  Blanc  aud  his  wondrous  etalf  of 
^HwoiUea  were  without  a  oluud ;  eastward  the  eky  was  of  n 
Hptte  or&nge  which  gradually  shaded  off  to  a  kind  of  rosy 
tlolety  aJid  this  again  blended  by  imperceptible  degrees 
rith  the  deep  zenithal  blue,     ITie  morning  star  was  still 
ahiniog  U>  the  right,  and  tbe  moon  also  turned  a  pale  face 
towards  tlie  rising  day.     The  valley  was  fiill  of  music; 
from  tliu  adjacent  woods  issued  a  gnsh  of  song,  while  the 
sound  of  the  Arte  formed  a  suitable  bass  to  tlie  shriller  me- 
bjdy  of  the  birds.     The  mountain  rose  for  a  time  cold  and 
gnutd,  with  no  apparent  ^ain  upon  his  snows.  Suddenly  the 
niutietiins  stmck  his  crown  and  conyerted  it  intb  a  boss  of 
ffiXti.     For  some  time  it  remained  the  only  gilded  summit 
in  view,  holding  comnninion  «ith  the  dawn  while  all  the 
others  waited  in  silence.     These,  in  the   order  of  their 
^ts,  came  afterwards,  relaxing,  as  the  sunbeams  struck 
1  in  soccession,  into  a  blush  and  smile. 
1  the  same  day  we  had  our  luggage  transported  to  the 
Btonvert,  while  we  clsmbereil  along  ttie  lateral  moraine 
!  gUcier  to  the  Chapeau.     The  rocks  alongside  the 
r  were  beautifully  scratched  and  polished,  and  I  paid 
r  attention  to  them,  for  the  purpose  of  furnishing 
r  with  a  icey  to  ancient  glacier  action.     The  scene 
f  right  waH  one  of  the  moat  wonderful  1  hud  ever  wit- 
Along  tlie  entire  slo[>e  of  the  Glacier  do  liois.  the 
8  oleft  and  riven  into  the  most  striking  and  fantastic 
It  had  not  yet  suffered  much  from  the  wasting  in- 
e  of  the  summer  weather,  but  its  towers  and  minarets 
1  tbo  general  mass  with  clean  chiselled  outlines. 
1  erect,  othenf  leaned,  while  the  white  dibria, 
B  and  there  oTer  the  glacier,  showed  where  the 
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wintry  edifices  had  fallen,  breaking  themBelTes  to  pieces, 
and  grinding  the  mfisses  on  which  they  f^ll  to  powder: 
Some  of  them  gave  way  during  our  inspeetiuo  of  the  place, 
and  shook  tJie  valley  with  the  reverberated  noise  of  tiieif 
fall,  I  endeavoured  to  get  near  them,  but  failed;  the 
chaams  at  the  margin  of  the  glacier  were  too  dangerous,  and 
tlie  stones  resting  upon  the  heights  too  loosely  poised  to 
render  persistence  in  the  attempt  excusable. 

We  subsequently  crossed  the  glacier  to  the  Montanvertj 
and  1  formally  took  up  my  position  there.  The  rooms  of 
the  hotel  were  separated  from  each  other  by  wooden  jMir- 
titions  merely,  and  thus  the  noise  of  early  risers  in  one 
room  was  plainly  heard  in  the  next.  For  the  sake  of 
quiet,  therefoi-o,  1  had  my  bod  placed  in  the  ekiteau  next 
door, — a  little  octagonal  building  erected  by  » 
kind  and  sentimental  Frenchman,  and  tledieated  *'  &  toi 
Nature."  My  host  at  first  demurred,  thinking  the  plocttt 
not  "propre, "  but  I  insisted,  and  he  acquiesced.  True  tho 
stone  floor  was  dark  with  moisture,  and  on  the  walls 
glistening  was  here  and  there  observable,  which  enggeatvd 
rheumatism,  and  other  penalties,  bat  I  had  had  no  expv. 
rienee  of  rheumatism,  aud  trusted  to  the  strength  which 
mountain  air  aud  exercise  were  sure  to  give  me,  for 
power  to  resist  its  attackti.  Moreover,  to  dispel  some 
the  humidit)',  it  was  agreed  that  a  large  pine  fire  ^ouldi 
be  made  there  on  necessary  iKvtisious. 

Though  singularly  favoured  on  the  whole,  still  our  rcsi' 
dence  at  the  Montauvert  was  sufficiently  long  to  give  tu 
specimens  of  all  kinds  of  weather ;  and  thus  my  ch&teaii 
derived  an  interest  from  the  mutations  of  external  natuiw^ 
Sometimes  no  breath  disturbed  the  perfect  serenity  of  tin 
night,  and  the  moon,  set  in  a  black-blue  sky,  turned  a  fao« 
of  almost  supernatural  brightness  U)  the  mountains,  whili 
in  her  itlMcnei^  the  thick-strenii  stars  alone  flashed  and 
twinkled  through  the  tionspareiit  air.      Sometimes  dii" 
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i  fog  choked  the  valley,  and  heavy  rain  plashed  upon 
stones  outside.  On  two  or  three  occasions  we  were 
died  by  a  thunderstorm,  every  peal  of  which  broke 
a  hundred  echos,  while  the  seams  of  lightning  which 
hrough  the  heavens  produced  a  wonderful  intermittence 
oom  and  glare.  And  as  I  sat  within,  musing  on  the 
^riences  of  the  day,  ¥dth  my  pine  logs  crackling,  and 
ruddy  fire-light  gleaming  over  the  'walls,  and  lending 
lation  to  the  visages  sketched  upon  them  with  charcoal 
lie  guides,  I  felt  that  my  position  was  in  every  way 
by  of  a  student  of  nature. 


A  RIVEIt  OF  ICE. 


THE  MER  DE  GLACE. 


(6.) 

The  name  "Merde  (Mace"  has  donbtiese  led  many  who 
have  never  seen  this  glacier  to  a  totally  erToneous  concep- 
tion of  its  character.  Misled  probably  by  this  term,  a 
distinguished  writer,  for  example,  defines  a  glacier  to  be  a 
sheet  of  ice  spread  out  upon  the  slope  of  a  mottntain 
whereas  the  Mer  de  Glace  ia  indeed  a  nW.  and  not  a  se 
of  ice.  But  certain  forms  upon  its  surface,  often  noticed 
and  described,  aud  which  I  saw  for  the  first  time  from  the 
window  of  our  hotel  on  the  morning  of  the  lUth  of  Jnly, 
suggest  at  once  the  origin  of  the  name.  The  glacier  hent 
has  the  appearance  of  a  se&  which,  after  it  had  been  tossed 
by  a  storm,  bad  suddenly  stiffened  into  rest.  The  ridges 
upon  its  surface  accurately  resemble  waves  in  shape, 
tliis  singular  appearance  is  produced  in  the  following^ 
way : — 

Some  distance  above  the  Montanvert — ojiposite  to 
Echelets — the  glacier,  in  passing  down  an  incline,  is  rent 
by  deep  fissures,  between  each  two  of  which  a  rit^ 
ie«  intervenes.  At  first  the  edges  of  these  ridges  are  sharp 
and  angular,  but  they  are  soon  sculptured  off  by  tlie  action, 
nf  the  sun.  The  bejiring  of  the  Mer  dc  (ilaco  Wing 
approximately  north  and  south,  the  sun  at  mid-day  shin^i 
down  the  glacier,  or  rather  very  obliquely  acron  it 
and  tlie  consequence  is,  that  the  fronts  of  the  HdgeEt,  which 
look  downward,  remain  in  shadow  all  tlic  day,  while  tl 
backs  of  the  ridge«,  which  look  up  the  gUit^ic-r,  meet  tl 
direct  stroke  of  the  solar  raya  The  ridges  thus  octi 
upon  have  their  limdmost  angles  wasted  off  and  converti 


FROZEN  WAVES. 


into  slopes  which  represent  the  back  of  a  wave,  wlule  the 
pppuaito  sides  of  the  ridges,  which  are  protected  from  the 
'  h  preaerve  their  steepness,  and  represent  ^e  front  of  the 
Fig.  5  will  render  my  meaning  at  once  plain. 


e  dotted  Unos  aro  intended  to  represent  three  of  the 
rtdj^  into  whiiih  thft  glacier  is  divided,  with  tlieir  inter- 
jKwed  &Hiirea ;  tlie  dote  representing  the  boundaries  of  the 
1  when  the  glacier  is  first  broken.  The  i>arallel 
[  lines  represent  the  direction  of  the  sim's  rays, 
,  falling  obliqtiely  upon  the  ridges,  waste  away  thi> 

1  cornera,  and  finally  produce  wave-Hke  forms. 

e  sp&nt  a  day  or  two  in  making  the  geuenil  acqiiaint- 

&  of  tho  glacier.    On  the  llSth  we  ascended  till  we  <'ame 

1  of  tlie  Talfefre  basin,  from  which  we  had  a  good 

of  the   ghieier  sj-stem  of  the  region.     The  lami- 

i  Btroctore  of  tlie  ice  was  a  point  which  particularly 

i;  and  as  I  saw  tho  exposed  sections  of  tlie 

ooouted   the   lines  of  stratification,  and   compared 

B  with  the  line*  upon  tlie  ends  of  the  secondary  gla- 
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ciers,  I  felt  the  absolute  necessity  either  of  connecting 
the  veined  structure  with  the  ttrata  l>y  ft  continnons  chain 
of  observations,  or  of  proving  by  ocular  evidence  i 
they  were  totally  distinct  from  each  otlier.  I  was  well 
awiuainted  with  the  literature  of  tlic  subject,  but  nothing. 
that  I  had  read  was  sufficient  to  prove  what  I  required.' 
Strictly  speakiug.  uothing  that  had  been  written  upon  tha 
subject  rose  above  the  domain  of  opinicn,  wiiile  I  felt  that 
without  absolute  demonstration  the  question  would  never  b 
set  at  rest. 

On  tluB  day  wp  saw  some  fine  glacier  tables ,  flat  n 
of  rock,  raised  high  upon   Lolunmi  of  ice     Fig   6  is  k 


I  sketch  of  one  of  the  finest  of  tlit'in.     Somo  of  thein  i 
I   from   their  i>ede8tal8  while  we  were  near  tlipin,  and  thi 

clean  ice-surfaci»  which  they  left  belund  H)Mirkled  witi 
j  miuuto  stars  a%  the  small  bubbles  of  air  ruptured  the  Sin 
I  of  water  by  whit-h  they  were  overapreail,   I  also  notice<l  that| 

"  petit  bruit  de  cripitatiou,"  to  which  M.  Agaaaiz  alliidi?9 
LVhicb  he  refers  to  tlm  nipturp  of  llie  ice  by  the  nx-f 


C  or  VHE  IXaT-lUSIA 

[laotDOD  of  the  atr-biibbles  contaiueJ  within  it.  When  I 
flist  read  Agoasiz's  account  of  it,  I  thought  it  might  be 
proiiored  by  thf.-  rupture  of  the  minute  air-bubbles  which 
inctseantly  escape  from  the  glacier.  Tliiw,  doubtless,  pro- 
dnrcis  an  effect,  but  tbere  is  sometliing  in  the  character  of 
the  aouod  to  be  referred,  I  think,  to  a  lees  obvious  cause, 
which  I  (Jiall  n'lljfre  ftirther  on. 

At  m  p.m.  Ibia  iluy  I  reached  the  Montanverl :  and  the 
Ranie  evening,  wrapping  my  plaid  around  me,  I  wandered 
op  towardH  C'harmoz.  and  from  its  heiglits  obnerved,  as 
t)iMT  bad  been  observed  filteen  years  previously  by  Pro- 
feaaur  Forbes,  the  dirt-6and»  of  the  Mer  de  Glace,  'fliey 
ifwe  iliffereot.  from  any  I  bad  previously  seeu,  and  I  felt 
a  rtjong  desin?  to  trace  them  to  their  origin.  Content, 
liowovvr,  with  the  performance  of  the  day,  and  feeling 
Imilthiir  tirtid  by  it,  I  lay  dowu  upon  the  bilberry  bushes 
■md  full  ftsl*Hfp.  Il  wae  dark  when  I  awoke,  and  I  esperi- 
unci-d  some  dithcidty  aud  risk  in  getting  down  from  the 
pi'tty  eminence  referred  to. 

The  illuioinafjou  of  the  glacier,  as  remarked  by  Pro- 
(essnr  Forbea,  has  great  influence  npf>n  the  appearance  of 
t  banda;  they  are  best  seen  in  a  subdued  light,  aud  I 
I  for  the  following  reasons  : — 

B  dirt-bands  are  aeon  simply  because  they  send  less 

!  to  the  eye  than  the  cleaner  portions  of  tlie  glacier 

1  lie  between  tliom ;  two  aorfaces,  differently  illurai- 

U  are  presentt-d  to  the  eye,  and  it  is  found  that  this 

mcc  is  more  observable  when  the  Ught  is  that  of 

r  iluiii  wlien  it  is  that  of  noon. 

■  only  within  certain  limits  that  the  eye  is  able  to 

e  differences  of  iuti^nsity  in  difl'erent  lights ;  lieyond 

ilQ  intensity,  if  I  may  use  the  expression,  light  ceases 

I  becomes  mere  pain.     The  naked  eye  can 

nee  in  brightness  between  the  electric  light 
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and  the  lime  light,  although,  when  we  come  to  strict  n 
BUrement,  the  former  may  possess  many  times  the  inten- 
sity of  the  latter.  It  followB  from  this  that  we  mi^t 
reduce  the  ordinary  electric  light  to  a  fraction  of  it«  in- 
tensity, withont  any  perceptible  change  of  brightnees  to- 
the  naked  eye  which  looka  at  it.  But  if  we  reduce  the 
lime  light  in  the  same  proportion  the  effect  would  be  rei 
different  Thia  light  lies  much  nearer  to  the  limit  at  which 
the  eye  can  appreciate  differences  of  brightness,  and  it* 
reduction  might  bring  it  quite  within  this  limit,  and 
make  it  sensibly  dimmer  than  before.  Hence 
that  when  two  sources  of  intense  light  are  presented 
to  the  eye,  by  reducing  both  the  lights  in  the  same  pro- 
portion, the  difference  between  them  may  become  i 
perceptible. 

Now  the  dirt-bands  and  the  spaces  between  them  i 
semble,  in  some  measure,  the  two  lights  above  mentionedi 
By  the  full  glare  of  noon  both  are  so  strongly  LUuminatfi 
that  the  difference  which  the  eye  perceives  is  very  small; 
OS  the  evening  advances  the  light  of  both  is  lowered  in  t 
same  proportion,  but  the  differetitial  effect  upon  tlie  e 
is  thereby  augmented,  and  the  bauds  are  consequent 
more  clearly  seen.  ^^ 


(7.) 
On  Friday,  the  17th  of  July,  we  commenced  our  met 
aurementa.  Through  the  bndness  of  Sir  Roderick  Hu 
ohison,  I  found  myself  in  the  possession  of  an  escellei 
five-inch  tiioo.IoUte,  an  instrument  with  the  use  of  wbi^ 
both  my  friend  Hirst  and  myself  were  perfectly  fu 
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Vie  worked  in  concert  for  a  few  daya  to  familiarize  our 
aaaifltaiit  with  tbo  mode  of  proceeding,  but  afterwards  it 
WV0  my  ctutom  to  simply  determine  the  poeitioa  where  a 
measnreiUBat  waa  to  be  made,  and  to  leave  the  execu- 
tioo  of  it  entirely  to  Mr.  Hirst  and  our  guide. 

C>n  the  20t)i  of  July  I  made  a  long  excurgion  up  the 
li;lacier,  examining  the  moraines,  the  crevasBee,  the  struc* 
ture.  the  moulins,  and  the  disintegration  of  the  surface. 
I  mut  (kcoompauied  by  a  boy  named  Edouard  Buhuat,*  and 
found  hint  so  good  an  iceman  that  I  was  induced  to  take 
him  witii  me  on  the  following  day  also. 

Looking  upwards  from  the  Montanvert  to  the  left  of 
the  Ajgnille  ile  Churmoz,  a  singular  gup  is  observed  in 
the  rcicky  mountain  wall,  in  the  centre  of  which  stands  a 
detached  column  of  granite.  Both  cleft  and  pillar  are 
»howTi  in  the  frontispiece,  to  the  right.  Tlie  eminence  to 
tl>e  Ifit  of  this  gap  is  eignalised  by  Professor  Forbes  as  one 
(jf  the  l>cst  stations  from  which  to  view  the  Mer  de  Glace, 
uid  tliis  point,  which  I  shall  refer  to  hereafter  as  the  Cleft 
^Aaiian,  it  was  now  my  desire  to  attain.  From  the  Mod- 
taurert  side  a  steep  gully  leads  to  the  cleft;  up  this 
couloir  we  proposed  to  try  the  ascent.  At  a  considerable 
Wght  above  the  Mer  de  Glace,  and  closely  hugging 
the  base  of  the  Aiguille  de  Channoz,  is  the  small  Gla- 
cier de  Tendue,  shown  in  the  frontispiece,  and  from 
which  a  steep  slope  stretches  down  to  the  Mer  de  Glace. 
IliiB  Tendue  is  the  most  talkative  glacier  I  have  ever 
knotru ;  the  clutter  of  the  small  stones  which  fall  from  it 
M  ioeetwant.  Huge  masses  of  granite  also  frequently  fall 
ujnn  the  glacier  from  the  clifTs  above  it,  and,  being  slowly 
borwt  downwards  by  the  moving  ice,  are  at  length  seen 
tojipiiug  abovii  the  terminal  face  of  the  glacier.  The 
Kv  which  BUpporta  them  being  gradually  melted,  they  are 
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at  length  undermined,  and  sent  bounding  down  the  dope 
with  peal  and  rattle,  according  as  tho  maseos  among  whieti 
they  moTe  orw  liirge  or  small.  TLi>  space  beneath  the 
glacier  is  cumbered  ivith  blocks  thns  sent  down ;  some  of 
them  of  enormous  size, 

Tlie  danger  Hi-ising  from  this  intermittent  cannonade, 
though  in  reahty  smaU.  has  caused  Hie  guides  to  swerve^ 
from  the  path  which  formerly  led  across  the  slope  to  the 
promontory  of  Trylaporte,  I  say  "small,"  because,  evett 
should  a  rock  choose  the  precise  moment  at  which  a  tn 
veller  is  paasiug  to  leap  down,  tho  boulders  at  band  are  t 
large  and  so  capable  of  bearing  a  ehoek  that  tJie  least 
presence  of  mind  would  be  sufficient  to  place  liim  in  safety^ 
But  presence  of  mind  is  not  to  be  calculated  on  onda 
such  circumstances,  and  beuco  the  guides  were  right  t 
abandon  the  path. 

Reaching  the  mouth  of  our  gully  after  a  rough  e 
we  took  to  the  snow,  instead  of  climbing  the  adjac^ 
rocks.  It  was  moist  aud  soft,  in  fact  in  a  condition  fl' 
gether  favourable  for  the  "  regelation "  of  its  granulei 
As  tlie  foot  pressed  upon  it  tlie  particles  became  cementM 
together.  A  portion  of  the  pressure  was  transmittal 
laterally,  which  produced  attachments  beyond  the  boiUKll 
ary  of  tlie  foot ;  Uiiia  as  the  latter  sank,  it  pressed  apoj 
a  surface  wluch  became  conttnaally  ^^■ide^  and  more  rigid 
and  at  1<-Dgtli  eu Hi ci cully  sllliig  to  bear  the 
weight  of  the  body;  the  pressed  snow  formed  ia  fiacti 
virtual  eameVa  foot,  which  soon  placed  a  limit  l<>  the  nul 
iug.  It  is  this  same  principle  of  regelation  which  enable 
men  to  cross  snow  bridges  in  safety.  By  gentle  caatJoi 
pretSBure  the  loose  granules  of  tlte  Bub^tunce  are  cemeatfl 
uito  a  continuous  mass,  all  suddeu  sliocks  which  i 
cnose  thd  frozen  surfucea  to  snap  astindpr  being  a^-oidnd 
[ii  this  way  an  arch  of  snow  fifteen  or  twenty  tnchco  i 
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tbicfcnoag  may  bo  rendered  so  firm  th&t  a  man  will  cn>p» 
it,  ahlwugh  it  may  spun  a  chasm  one  hundred  feet  in 
depth. 

Ab  wu  ascended,  the  incline  became  very  steep,  and 
tmcv  or  twice  we  diverged  from  the  snow  to  the  adjacent 
rocks;  these  were  disintegrated,  and  the  slightest  <iig- 
larlMncc  was  sufficient  to  bring  them  down ;  some  fell, 
mui  from  «ne  of  them  I  found  it  a  little  difficult  to  escape ; 
for  it  grazed  my  leg,  inflicting  a  slight  wound  as  it  passed, 
■liist  iK'fiire  reaching  the  cleft  at  which  we  aimed,  the  snow 
for  a  abort  distance  was  exceedingly  steep,  but  we  svir- 
inoauttfd  it ;  and  I  sat  for  a  time  beside  the  granite  pillar, 
pJaoaed  to  find  that  I  could  permit  my  legs  to  dangle  over 
H  precipice  withojit  prejudice  to  my  head. 

\\Tiile  we  remained  hero  a  chamois  made  its  appear- 
anwj  upon  the  rocks  above  na.  Deeming  itself  too  near, 
it  climbed  higher,  and  then  turned  round  to  watch  us. 
It  waa  Boon  joined  by  a  second,  and  both  formed  a 
very  pretty  pictur«:  tlieir  attitudes  frequently  changed, 
but  tLey  were  alwayB  graceful;  with  head  erect  and 
barm  curved  back,  a  light  limb  thrown  forward  upon  a 
boj^i*  ut  ntcU,  looking  towards  us  with  wild  and  earnest 
^laxo,  focli  ocomed  a  type  of  freedom  and  agility. 
IWning  now  to  the  left,  we  attacked  the  granite  tower, 
from  wlui'U  we  pur]Hised  to  scan  the  glacier,  and  were 
•oon  npon  its  top.  My  companion  was  greatly  pleased 
— he  was  "  tres-content "  to  have  rewhed  the  place — he 
fell  oaaored  that  many  old  guides  would  have  retreated 
fhjra  that  ugly  gully,  with  its  shitting  sliingle  and  di^brix. 
linA  ha  fUtion  rcatrhcd  its  climax  in  the  declaration  that, 
tf  I  rrsf.lvHd  to  BBC-end  Mont  Blanc  without  a  gnide,  lie 
:T  t*)  accompany  me. 

II   jHwcitiuQ  which  we  had  attained,  the  prospect 

-liugly  fine,  both  of  the  glaciers   and  of   the 

iriimuiituw.      Beside  us    was    the  Aiguille    de  Chanuoz, 
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piercing  witli  its  spikes  of  granite  the  clear  air.  To  my 
mind  it  is  ono  of  the  tinest  of  the  Aiguilles,  noble  in  mam, 
witli  its  sumiiiils  singularly  cleft  and  eplinttfreti.  In  some 
atmospheric  colonrings  it  has  the  exact  ap[>earance  of  a 
mountain  of  cast  copjwr,  and  the  manner  in  which  some  of 
its  highest  pinnacles  ore  bent,  suggesting  the  idea  of  ducti- 
lity, gives  strength  to  the  illusion  that  the  tom  s  is  metallic. 
At  the  opposite  side  of  the  glacier  wjis  the  Aiguille  Verte, 
with  a  cloud  poised  upon  its  point :  it  has  long  been  the 
ambition  of  (.limbers  to  scale  this  peak,  and  on  this  day  it 
was  attempted  by  a  young  French  coimt  with  a  long 
retinue  of  guides.  He  had  not  fair  play,  for  before  we 
quitted  our  jiosition  we  )ioard  the  rumble  of  thunder  upon 
the  mountain,  which  indicat-ed  the  presence  of  a  foe  more 
terrible  than  the  avalanches  themsolves.  Higher  to  the 
right,  and  also  at  the  opposite  side  of  the  glacier,  rose  the 
Aiguille  du  Moine ;  and  beyond  was  the  basin  of  the 
Talefre,  the  ii'c  cascade  issuing  from  which  appeared,  from 
our  position,  bke  tlie  foam  of  a  wat«rtaU.  Tlieu  came  the 
Aiguille  de  L^haud,  the  Petite  JorasBo,  Gie  Grande  Jorasse, 
and  the  Mont  Tacul ;  all  of  which  form  a  cradle  for  the 
Gkcier  de  Ldchaud,  Mont  Mallet,  the  Feriades,  and  the 
Aiguille  Noire,  came  next,  and  then  the  singnlar  obelisk  of 
the  Aiguille  du  G<^nt,  from  which  a  serrated  edge  of 
cliff  descends  to  the  summit  of  the  "  CoL" 

Over  the  slopes  of  the  Col  du  Geant  was  spread  a  coYei^ 
let  of  shining  snow,  at  some  places  apparently  as  smooth 
as  polished  marble,  at  others  broken  so  as  to  form  pre- 
cipices, on  the  pale  blue  faces  of  which  the  horizontal  lines 
of  bedding  were  beautifully  drawn.  As  the  eye  approaches 
the  line  which  stretches  from  the  Rognon  to  the  Aiguille 
Noire,  the  repose  of  the  Jievd  becomes  more  and  more  dis- 
turbed. Vast  chasms  are  formed,  which  however  are  still 
merely  indicative  of  the  trouble  in  advance.  If  the  gla- 
cier were  lifted  off  we  should  probably  see  that  the  line 
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;  referred  to  would  lie  along  the  summit  of  a  steep 
ge ;  over  this  summit  the  glacier  is  puahed,  and  has  it« 
back  [)eriodifally  brokeu,  thua  forming  vast  traiisverse 
ndges  wliich  follow  each  other  in  succession  down  the  slope. 
At  the  summit  these  ridgea  are  often  cleft  by  fissures 
transrerse  to  them,  thus  forming  detached  towers  of  ice  of 
the  most  picturesque  and  imposing  character,*  These 
towers  often  fail ;  and  while  some  are  caught  upon  the 
platforms  of  the  cascade,  others  struggle  with  the  slow 
energy  of  a  behemoth  through  the  d^brifl  which  opposes 
them,  reach  the  edges  of  the  precipices  which  rise  in  s«c- 
CQ»ioii  along  the  fall,  leap  over,  and,  amid  ice-smoke  and 
tinnder-pcals,  fight  their  way  downwards. 

A  great  number  of  secondary  glaciers  were  in  sight 
hanging  on  the  steep  slopes  of  tho  mountains,  and  from 
them  streams  qied  downwards,  falling  over  the  rocks,  and 
filling  the  valley  with  a  low  rich  music.  In  front  of  me, 
tw  example,  was  the  Glacier  du  Moine,  and  I  could  not 
help  feeling  as  I  looked  at  it,  that  the  arguments  drawn 
fonn  the  deportment  of  such  glaciers  against  the  "  sliding 
theoiy,"  and  which  are  still  repeated  in  works  upon  the 
AlpB,  militate  just  as  strongly  against  the  "viscous  theory." 
"How,"  demands  the  antagonist  of  the  sliding  theory, 
•'  can  ft  secondary  glacier  exist  upon  eo  steep  a  slope  ?  why 
does  it  not  slide  down  as  an  avalanche?"  "  But  how,"  the 
person  addressed  may  retort,  "  can  a  mass  which  you  as- 
sume to  be  ^-iscous  exist  under  similar  conditions?  If  it  bi- 
viscous,  what  preventa  it  from  rolling  down?"  The  sliding 
theory  assumes  the  lubrication  of  the  bed  of  the  glacier, 
but  on  tliis  cold  height  the  quantity  melted  is  too  small 


•  To  mvU  towers  the  name  Sehuw  a  applied.  In  the  cliUets  of  Suvoy, 
icr  tbi-  richiT  ounl  has  been  prcripital«il  by  rennet,  a  stronger  acid  h 
ti  io  throw  down  what  remfliiis  ;  ftu  inferior  kind  of  choeae  csllud  SiTdf 
Ifana  Ibnned,  tliu  shape  and  colour  of  which  havi;  suggciil<.'d  the  appliru, 
Iboaf  tte  tenn  to  the  cubical  iuaa8i.«  of  ice. 
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to  lubricate  the  bed,  and  hence  the  slow  motion  of  th«e 
glaciers.  Thus  a  sli  ding-theory  man  might  reason,  ond,  if 
the  external  tie]>ortment  of  secondary  glaciers  were  to  de- 
cide tlie  queetioD,  De  Saussure  might  perhaps  have  the 
best  of  the  argument. 

And  with  regard  to  the  cmrant  idea,  originated  by  SL 
de  Charpentier,  and  adopted  by  Professor  Forbes,  that  if  a 
gfador  slides  it  must  slide  as  an  avalanche,  it  may  be 
simply  retorted  that,  in  part,  it  does  so ;  but  if  it  be  asserted 
that  an  accelerated  motion  is  the  necessary  motion  of  aa 
avaUinche,  the  statement  needs  qualification.  An  arnUnche 
on  ])assing  through  a  rough  couloir  soon  attains  an  raii- 
form  velocity — its  motion  being  accelerated  only  np  to  the 
[loint  when  the  sum  of  the  resistances  acting  u]>oii  it  ift 
equal  to  the  force  drawing  it  downwards.  These  re^taacee 
are  fiimished  by  the  numberless  asperities  which  the  nusS 
i^-aeouutere,  and  which  incessantly  check  its  desceat,  and 
render  an  accnmnlation  of  motion  impossible.  The  motioo 
of  a  muu  walking  down  staus  may  Ijo  on  tlie  whole  unifona, 
bnt  it  is  really  made  up  of  an  aggregate  of  small  inotioQ% 
each  of  wliii'h  b  accelerated ;  and  it  is^  easj'  to  canceive 
liow  a  glacier  moving  over  an  tmeven  bed,  when  released 
from  one  opposing  obstacle  will  he  cheeked  by  another,  and 
its  motion  thus  rendered  sensibly  uniform. 

From  the  Aiguille  dn  Go-ant  and  Les  Pt^riades  n  glacier, 
tiescended,  which  was  separated  by  the  promontory  of  I^ 
Noire  from  the  glacier  proceeding  from  the  Col  dn  G«aiifJ 
A  email  moraine  was  formed  betwei-u  them,  which  is  marked 
f  upon  the  diagram.  Fig.  7.  The  great  mass  of  the  glaciefl 
di-sciending  from  the  Col  du  Geant  came  next,  and  this  wad 
liounded  on  the  side  nearest  to  Tr^laporte  by  a  smaO 
moraine  A,  the  origm  nf  which  I  could  not  see,  ita  upPAB 
jKirtion  being  shut  out  by  a  mouutaiu  promoiitor)'.  Betweefl 
the  icioraine  h  and  the  actual  side  of  the  valley  was  anottiM 
little  glacier,  derived  from  some  of  the  lateral  tribtttazJH 
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It  was,  however,  between  the  moraines  a  and  b  tliut  the 
great  mass  of  the  Glacier  da  G(>ant  really  lay.     At  the 


pnnuMitory  of  the  Tacul  the  lateral  niorniiioH  of  the  gla- 
cier des  F^mdes  and  of  the  Glacier  do  Lechaud  luiite'l  ti> 
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form  the  medjal  moraine  c  of  the  Mer  de  Glace.     Car- 
rying tlie  eye  across  the  L«djaud,  we  had  the  moraine 
formed  by  the  union  of  the  hiteml  morainee  of  the  Ix^chai 
and  Taltfre ;  fiirther  to  the  left  was  the  moraine  e,  whii 
came  &om  the  Jardio,  and  beyond  it  woa  tlie  second  Ia1 
moraine  of  the  Talfefre.     The  Mer  de  Glace  is  formed 
the  confluence  of  tlie  whole  of  the  glaciers  here  named: 
being  forced  at  Trelaporto  through  a  passage,  the  width 
which  appears- considerably  less  than  that  of  the  stogls 
tributary,  the  Glacier  du  Gcant. 

In  tile  ice  near  Tr^laporte  tlie  blue  veins  of  the  glaoCT 
are  beautifully  shown ;  bat  they  vary  in  distinctness  accord- 
ing to  the  manner  in  which  they  are  looked  at.     \SlieD 
regarded  obliquely  their  colour  ia  not  bo  pronounced  as 
when  the  vision  plunges  deeply  into  them.    The  wcatheied 
ice  of  the  surface  near  Tr^laporte  could  be  cloven  with  great 
facility ;  1  coidd  with  ease  obtain  plates  of  it  a  quarter  of 
an  inch  thick,  and  possessing  two  square  feet  of  surface.   Od 
the  28th  of  July  I  followed  the  veins  several  times  freaa 
side  to  side  across  the  Geant  portion  of  the  Mer  do  GUoo' 
starting  from  one  side,  and  walking  along  the  Tsins, 
route  was  directed  obliquely  downwards  towards  the 
of  the  tributary.     At  the  axis  I  was  forced  to  turn, 
order  to  keep  along  the  veins,  and  now  ascended 
a  line  which  formed  nearly  the  same  angle  with  the 
at  the  other  side.     Thus   the   veins  led  me  as  it  i 
along  the  two  sides  of  a  triangle,  the  vertex  of  which 
near  the  centre  of  the  glacier.     The  vertex  was,  howei 
ill  reality  rounded  off,  and  the  figure  rather  resembled 
hyperbola,  which  tended   to  coincidence  with  its 
totes.     This   observation  corroborates  those  of  Profc 
Forbes  with  regard  to  tlie  posilion  of  the  veins,  iiud. 
liim,  I  found  that  at  the  centre  the  veiniiig,  n'hott»  noi 
direction  would  be  transveree  to  the  glacier,  was  ffniforli 
iiriil  confused. 


.-:.,  WASTKG  OF  JCE,  oii 

XoftT  the  BJde  of  the  Glacier  du  G^ant,  above  tbe  pro- 

^■anlunr  of  Trelaporte,  the  loe  is  rent  in  a  remarkable 

^^■ttuier.     Looking  upwards  from  the  lower  portions  of  the 

^^Beifr,  m  series  of  verticiU  wuUs,  rising  appnreatly  one 

HHlve  the  other,  face  the  ohsencr.     I  clumhered  up  among 

fliese  singular  terraces,  and  now  recognise,  both  Irom  my 

sketch  and  memory,  that  their  peculiar  forms  are  due  to 

B  sume  nctiou  as  that  which  has  given  their  shape  to  the 

'  of  the  Mer  de  Glace,     A  series  of  profound 

i  is  first  formed.     ITie  Glacier  du  Geant  deviat^K 

*  from  the    meridian  line,  and   hence  the  sun  sliinew 

irly   down  it  during  the  middle  portion  of  each  day. 

backs  of  tbe  ridges  between  the  crevasses  are  thus 

Diled  ofl^  one  boimdary  of  each  fissure  is  destroyed,  or 

at  least  becomes  a  mere  steep  deeUvity,  while  the  other 

boDiulary  being  siiaded  from   the  snn  preserves  its  ver- 

;  and  thus  &  very  curious  series  of  preci])ice3  is 


■■Shrcnigli  all  this  dislocation,  the  little  moraine  on 
h  I  have  placed  the  letter  b  in  the  sketch  maititams 

k  a^t  to  existence,  and  under  it  tlie  laminated  struc- 
)  of  this  portion  of  the  glacier  appears  to  reach  its 
mcNst  perfect  development  Tlie  moraine  was  genendly 
a  more  dirt  track,  bat  one  or  two  immense  blocks  "f 
granite  were  perched  upon  it.  I  esamined  the  ice  mider- 
luwth  one  of  these,  being  desirous  of  seeing  whetlicr  lh<- 
laeasoTo  resulting  from  its  enormous  weight  would  pro- 
itiae  a  veining,  hut  tbe  result  was  not  satisfactory. 
Veins  were  certainly  to  be  seen  in  directions  different 
Irom  ibv  normal  ones,  but  whether  they  were  due  to 
ihn  bunding  of  the  latter,  or  were  directly  owing  to  tlie 
|in-«are  of  the  block,  1  could  not  say.  The  sides  of  a 
HtTKum   which    had   cut  a  deep  goi^e    in    the  clean  ice 

L Uie  Glacier  du  Guant  afforded  a  fine  opportunity  of 
;  the  structure.     It  was  very  remarkable — highly 
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siguificaiit  indeed  in  a  theoretic  point  of  Yiew.  Two  1< 
and  remarkably  deep  blue  veins  traversed  the  bottom  t 
the  stream,  and  bending  upwards  at  a  place  where  t! 
rivulet  curved,  drew  themselves  like  a  p^  of  imrallel  Ua 
upon  the  clean  white  ice.  But  the  general  structure  w 
of  a  totally  different  character ;  it  did  not  consist  of  loi 
barn,  but  approximated  to  the  lenticular  form,  aud  wi 
moreover,  of  a  washy  jtaleness,  whicli  scarcely  exceeded  n 
deptli  of  colouring  the  whitish  ice  around. 

To  the  investigator  of  the  structure  nothing  can  he  S 
than  tlie  appearance  of  the  glacier  from  one  of  the  i 
terraces  cut  in  the  Olacier  du  Gcant  by  its  passago  roui 
Trelaporte,  As  far  as  the  vision  extended  the  dirt  upoi 
the  surface  of  the  ice  was  arranged  in  Btria>.  These  3 
were  not  always  straight  lines,  nor  were  they  unbrokei 
curves.  Within  slight  limits  the  various  parts  into  wlud 
a  glacier  is  cut  np  by  its  crevaases  enjoy  a  kind  of  iiu 
]>eudent  motion.  The  grooves,  for  example,  on  two  ridf 
wliieh  have  been  separated  by  a  small  fissure,  may  o 
day  have  tlieir  striae  perfect  continuations  of  each  otbei 
but  in  a  short  time  this  identity  of  direction  may  I 
destroyed  by  a  difference  of  motion  between  the  ridglt 
Thus  it  is  that  the  gi'ooves  upon  the  stirfact^  itl>ove  TrAla 
porte  are  bent  liither  and  thither,  a  crack  or  seam  alwajl 
marking  the  point  where  their  continuity  is  niptimid 
This  bending  occurs,  however,  within  limits  siiiKcientij 
small  to  enable  the  stria;  to  presorve  the  same  j 
direction. 

My  attention  had  often  b^en  attracted  this  day  liy  | 
jecting  masses  of  what  at  ilrst  appeared  to  be  pnro  wfafll 
snow,  rising  in  seams  alwve  the  gonenJ  surface  of  tbi 
glacier.  On  examination,  hownvcr,  1  found  them  to  it 
compact  ice,  tilled  with  inniimcrablo  air-relK  and  m 
resistant  as  to  maintain  itself  in  some  places  at  a  lietfjht  fl 
four  feet  ahovE  tho  general    level.      When  amongst  tin 
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ridges  they  appeared  discontinuous  and  confuscfl,  beinj: 
MMcrml  nppiLrently  at  random  over  the  glacier ;  but  when 
riowwJ  froin.  a  sufficient  distance,  tlie  detached  [larts 
tbnwi:^  themselves  to  belong  to  a  Bj-stem  of  white  seams 
vhich  swept  rjuito  across  the  Glacier  du  Geant,  in  a  diref- 
tion  coni-eutrio  with  the  structure.  Unable  to  account  for 
thase  sin^ar  seains,  I  climhf;d  up  among  the  tribiilary 
glacieis  on  the  Bognon  side  of  the  Glacier  du  Gcant,  ami 
refDatnt>d  tliere  until  the  sun  sank  behind  the  neighbmir- 
iag  pealca,  and  the  fading  liglit  warned  me  tlmt  it  i\iis 
lime  tu  retoni. 


(8.) 

Early  OD  the  following  day  I  was  again  upon  the  ice. 
1  first  confined  myself  to  the  right  side  of  the  Glacier  du 
(Mant,  and  fuund  that  the  reins  of  white  ice  which  I  hud 
noticed  on  the  prei-ioua  day  were  exclusively  confined  to 
llns  glacK-r,  or  to  the  epace  between  the  moraines  a  ami 
*  (Fi^.  7),  bending  up  so  that  the  moraine  a  betweiii 
tilt  (tloricr  dn  Geant  and  tJie  (ilacier  des  Periades  wiis 
tanguut  to  them.  At  a  good  distance  up  the  glacier  I 
tnKuontored  a  coasiderable  stream  rushing  across  it 
lUjnwt  fntm  side  to  side.  1  followed  the  rivulet,  esamiu- 
ing  the  sections  which  it  exposed.  At  a  certain  point 
three  other  streams  united,  and  fonnetl  at  their  pltu-e 
of  coofliionce  a  small  green  lake.  From  this  a  rivulet 
mshed,  whidi  wtw  joined  by  the  stream  whose  track  I  liail 
pnniDed,  and  at  lliis  place  of  junction  a  second  gretm  lake 
malcraied,  from  which  flowed  a  stream  equal  in  volume 
lo  tiifi  BPnm  of  all  the  tributaricB.     It  entered  a  crevasse. 

1  toolc  tho  bottom  of  the  fiesme  for  its  bed.  Standing 
i  eutraoce  of  the  ihasm,  a  low  muffled  thunder 
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tesounding  through  the  valley  attracted  my  attention, 
followed  the  crevasse,  which  de-epeued  and  narrowed,  atw 
by  the  blue  tight  of  the  ice,  could  see  the. stream  gann 
Iwlling  along  its  bottom,  and  flashing  as  it  jumped 
the  ledges  which  it  encountered  in  its  way.  The  fissura 
at  length  came  to  an  end?  placing  a  foot  on  e 
of  it,  and  withholding  the  stronger  light  from  my  eyeti 
I  looked  down  between  its  shining  walls,  and 
stream  plunge  into  a  shaft  which  carried  it  to  the  bol 
of  the  glacier. 

Slowly,  and  in  zigzag  fashion,  as  the  crevasses  demiuided^ 
I  continued  to  ascend,  sometimes  climbbg  vast  hnmps  oi 
ice  from  whicli  good  views  of  the  surrounding  glucier 
were  obtained ;  sometimes  hidden  in  the  hollows  between 
the  humps,  in  wliich  also  green  glacier  tarns  were  ofles 
formed,  very  lonely  and  very  beautiful. 

While  standing  beside  one  of  tliese.  and  walcljing  thft 
moving  clouds  which  it  faithfully  mirrored.  I  heard  th« 
sound  of  what  appeared  to  be  a  descending  avalanche,  buft 
thv  time  of  its  continuance  snrprised  me.  Looking  through 
my  opera-gloss  in  the  direction  of  the  sound.  I  saw  issuing 
from  the  end  of  a  aecondary  glacier  on  the  Tacul  side  a  to^ 
rent  of  what  appeared  to  me  to  bo  stones  and  mn<i.  I  cooU 
see  the  stones  and  finer  debris  jumping  down  the  dnclivi 
ties,  and  shaping  themselves  into  singular  cascades.  Th< 
noise  continued  for  a  quaiter  of  an  hour,  after  whidi 
torrent  rapidly  diminished,  until,  at  length,  the  ordinal] 
little  stream  due  to  the  melting  of  the  glacier  aloi 
remained.  A  gubglacial  lake  Itad  burst  its  boundary,  at 
carried  along  with  it  in  its  rush  downwards  the  dtflni 
which  it  met  with  in  its  course. 

In  some  places  I  found  the  crevasses  diffictilt,  tlie  U 
Iicing  split  in  a  very  siugidor  manner.  Vast  plates  i 
it  not  more  than  a  foot  in  thicknosa  were  someliiDna  d 
taclied  from  the  sides  of  the  crevasses,  and  stood  alon 
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I  was  now  ajiproacluiig  the  base  of  the  seracg,  and  the 
gludvr  itround  me  still  retained  a  portion  of  the  turbu- 
lenci;  of  the  cascade.  I  halted  at  times  amid  the  ruin  and 
caafofuoQ,  and  examined  with  my  glass  the  cascade  itself. 
It  was  a  wild  and  wonderful  ecene,  suggesting  tliroes  of 
Bpasmodic  energy,  though,  in  reality,  all  it£  dislocstinn  luid 
been  tloulg  and  gradually  produced.  True,  the  stratitied 
hloeks  which  here  and  there  cumbered  the  terraces  sug- 
gested dSackt,  bat  these  were  local  and  partial,  and  did 
not  affect  the  general  question.  There  is  scarcely  a  case 
ol'  goological  disturbance  which  could  not  be  matched  with 
its  Hnulogue  upon  the  glaciers, — contortions,  faults,  fissores, 
joints,  and  dislocations, — but  in  the  case  of  the  ice  we  can 
prove  the  effects  to  be  due  to  slowly-acting  causes ;  how 
reasonable  is  it  then  to  ascribe  to  the  operation  of  similar 
causes,  which  have  had  an  incomparably  longer  time  to 
work,  many  geological  effects  which  at  first  sight  might 
saggt^Ht  sudden  conyidsion  I 

Wandering  slowly  upwards,  successive  points  of  attrac- 
tion drawing  me  almost  unconsciously  on,  I  found  myself 
as  th«  day  was  declirung  deep  in  the  entanglements  of  tht- 
ice.  A  sliower  commenced,  and  a  splendid  rainbow  threw 
wn  obliijnc  arch  across  the  glacier.  I  was  quite  alone ;  the 
Dcene  was  exceedingly  impressive,  and  the  possibility  of 
difficulties  on  which  I  hod  not  calculated  intc-rvening 
between  mo  and  the  lower  glacier,  gave  a  tii^e  of 
anxiety  to  my  position.  I  turned  towards  home ;  crossetl 
some  IxMsea  of  ice  and  rounded  others;  I  followed  the 
tracks  of  slxeams  wluch  were  very  irregular  on  this  (x)rt  iou 
of  the  glw^ier,  bending  Iiither  and  thitlier,  nishing  through 
deep-cut  cJiannels,  falling  iu  cascades  and  expanding  here 
e  to  deep  green  lakes ;  they  often  plmigcd  into  the 
f  the  ice,  flowed  under  it  with  hollow  giu'gle,  and 
red  at  some  distant  point.  I  threaded  my  way 
r  amid  syslems  of  crevasses,  scattering  with  my 
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axe,  to  secure  a  footing,  the  rotten  ice  of  the  diarper  crests, 
which  fell  with  a  ringing  sound  into  the  chasms  at  either 
side.  Strange  subglacial  noises  were  sometimes  heard, 
as  if  caverns  existed  underneath,  into  which  blocks  of 
ice  fell  at  intervals,  transmitting  the  shock  of  their  fall 
with  a  dull  boom  to  the  surface  of  the  glacier.  By  the 
steady  surmounting  of  difficulties  one  after  another,  I  at 
length  placed  them  all  behind  me,  and  afterwards  hastened 
swiftly  along  the  glacier  to  my  mountain  home. 

On  the  30th  incessant  rain  confined  us  to  indoor  work ; 
on  the  31st  we  determined  the  velocity  with  which  the 
glacier  is  forced  through  the  entrance  of  the  trunk  valley 
at  Tr^laporte,  and  also  the  motion  of  the  Grand  Moulin. 
We  also  determined  both  the  velocity  and  the  width  of  the 
Glacier  du  G(5ant.  The  Ist  of  August  was  spent  by  me  at  the 
cascade  of  the  Talefre,  examining  the  structure,  crumpling, 
and  scaling  off  of  the  ice.  Finding  that  the  rules  at  Cha- 
niouni  put  an  unpleasant  limit  to  my  demands  on  my 
guide  Simond,  I  visited  the  Guide  Chef  on  the  2nd  of 
August,  and  explained  to  him  the  object  of  my  expedition, 
jK)inting  out  the  inconvenience  which  a  rigid  application 
of  the  rules  made  for  tourists  would  impose  upon  me. 
lie  had  then  the  good  sense  to  acknowledge  the  reason- 
ableness of  my  remarks,  and  to  grant  me  the  liberty  I 
requested.  The  3rd  of  August  was  employed  in  deter- 
mining the  velocity  and  width  of  the  Glacier  de  Lechaud, 
and  in  observations  on  the  lamination  of  the  glacier. 


TUE  JABDIK. 


THE  JAEDIN. 


(9.) 


J 


'  4Ui  of  AugoBt,  witli  a  view  of  commenring  a 
)  of  observations  on  tlie  inclinations  of  the  Mer  rig 
(iHaoe  nml  it«  tributaries,  wo  bud  our  theodolite  transjiorted 
to  the  Jardin,  wliicli,  as  ia  well  knfiwn,  lies  like  an  island 
in  the  middle  of  the  Glacier  du  Talfefre.  We  reached  the 
plare  by  tUa  iisnal  ront«.  aod  found  some  toniists  rcpoaing 
OD  the  soft  green  award  which  covers  the  lower  portion,  anil 
to  which,  and  the  flowers  which  spangle  it,  the  place  owes  its 
name.  Towards  the  summit  of  the  Jardin,  a  rctck  jutted 
Ibrward,  a]rpareutly  the  very  apex  of  the  place,  or  at  least 
liidttig  l>y  its  prominence  everytliing  that  might  exist  be- 
htQd  it;  leaving  our  guide  with  the  instrument,  wo  Himed 
at  thL^.  and  soon  left  the  gnisa  and  flowers  behind  us. 
Stepping  amid  broken  fmgmeuts  of  rock,  along  slopes  of 
granite,  wjtli  fat  felspar  crj-stala  which  gave  the  boots  a 
bold,  and  crossing  at  intervals  patches  of  snow,  which 
nintinned  still  to  challenge  the  summer  heat,  I  at  length 
found  myself  ujKin  the  peak  referred  to;  and,  although  it 
wua  not  the  highest,  the  unimpeded  view  which  it  oom- 
i  induced  me  to  get  astride  it.  The  Jardin  was  com- 
Usly  encircled  by  the  ice  of  the  glacier,  and  thi-  was 
I  mountaiu  ha^in,  which  was  bounded  alt  roimd 
f  a  grand  and  clifl'y  rim.  The  outline  of  the  darii  bi-cvm 
crags — a  deeply  serrated  and  irregular  line — was  for^'ibly 
dmwn  against  the  blue  heaven,  aud  still  more  stn^ngly 
agBtnst  some  white  and  fleecy  clouds  which  lay  here  and 
tbenj  buhind  it;  while  detached  spears  and  pillars  nf 
nuk,  sculptured  ijy  frost  and  lightning,  stood  like  a  kind  of 
lurv  along  tlie  ridge.     All  round  the  basin 
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BDOW  reared  itself  like  a  buttress  against  tiie  preclpibnia 
cliffs,  being  streaked  and  fluted  by  the  descent  of  blocks 
&om  the  summibs.  This  mighty  tub  is  the  collector  of  onO 
of  the  tributaries  of  the  Mer  de  Glace.  According  to 
fessor  Forbes,  its  greateBt  diameter  is  4200  yards,  and  out 
of  it  the  half-formed  ice  is  squeezed  through  a  precipitous 
gorge  about  700  yards  wide,  forming  there  the  ice  onscade 
of  the  Taltfre.  Bounded  on  one  side  by  the  Grandtt 
Jorasse,  and  on  the  other  by  Jllont  Mallet,  the  principal 
tributary  of  the  Glacier  de  L^chaud  lay  white  and  pars 
upon  tlie  mountain  slope.  Eound  further  to  the  right  wa 
had  the  vast  plateau  whence  the  Glacier  du  Geant  is  fed, 
fenced  on  the  left  by  the  Aiguille  du  Geant  and  the 
Aiguille  Noire,  and  on  the  right  by  the  Monts  Maudits  and 
Mont  Blanc.  The  scene  waa  a  truly  majeetio  one.  Thft 
mighty  Aiguilles  piercing  the  eea  of  air,  the  soft  whitfl 
clouds  floating  )iere  and  there  behind  them ;  the  sliinin| 
snow  with  its  striped  faults  and  precipices ;  the  deep  bln( 
firmament  overhead ;  tlie  peals  of  avalanches  and 
sound  of  water; — all  conspired  to  render  the  scene  glori 
ous,  and  our  enjoyment  of  it  deep. 

A  voice  from  above  hailed  me  as  I  moved  from 
perch ;  it  was  my  friend,  irho  had  found  a  lod| 
upon  the  edge  of  a  rock  which  was  quite  detached  froi 
the  Jardin,  being  the  first  to  lift  its  head  in  ojipositiou  1 
the  descending  nioi.  Making  a  detour  round  a  ste^ 
concave  slope  of  the  glacier,  I  reached  the  flat  summit 
the  rock.  The  end  of  a  rJdge  of  ice  abutted  aguiuet  it 
which  was  split  and  bent  by  the  pressure  so  us  lo  form 
kind  of  arch.  I  cut  steps  in  the  ice,  and  ascended  until  I  go 
beneath  the  azure  roof.  Innumerable  little  rills  of  pellui 
water  descended  from  it  Some  came  straight  down,  deaC 
for  a  time,  and  apparently  motionless,  rapidly  tn]K>ring 
first,  and  more  slowly  afterwards,  until,  at  the  point  of 
mum  contraction^  they  resolved  themselves  into  strings 
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U(]tii<I  ]>earls  which  pattered  against  the  ice  floor  under- 
nenlh.  Otliers  ugaiu,  owing  to  the  directions  of  tlie  little 
streamlets  of  wliich  tJiey  were  constituted,  formed  spiral 
figures  of  great  beauty:  one  liquid  vein  wound  ilself  round 
onotlier,  forming  a  spiral  protuberance,  and  o^riEg  to  the 
centrifitgal  motion  thus  imparted,  the  vein,  at  itt«  place 
of  rupture,  wuttered  itself  laterally  in  little  liquid 
aphenilt-s.*  Even  at  tlus  great  elevation  the  struoturti  of 
the  ice  wa*  fairly  developed,  not  nith  the  sharpness  to  be 
obsejred  lower  down,  but  still  perfectly  decided.  Blue 
I  crossed  the  ridge  of  iee  to  which  I  have  icferrcd, 
ight  angles  to  the  direction  of  the  pressure. 

Bccndad,  and  found  my  friend  beneath  an  over- 
r  rock.  Immediately  afterwards  a  peal  like  that 
ider  shook  the  air,  and  riglit  in  Iront  of  us  an 
iDche  darted  down  the  brown  cHfi's,  then  olong  n  steep 
w  which  reared  itself  against  the  mountain  wall, 
ing  with  it  the  debris  of  the  rocks  over  which  it 
1,  until  it  finally  lay  a  mass  of  sullied  rubbish  at  the 
f  tlie  incline:  the  whole  Burface  of  the  TiiU-fre  is 
I  soiled.  Another  peal  was  heard  immediately  aftcr- 
but  the  avalanche  which  caused  it  was  liidden 
ns  by  a  rocky  promontory.  From  this  same  pro- 
rj-  the  greater  portion  of  the  medial  moraini-  wliich 
Ktids  the  cascade  of  Uio  Taltfro  is  derived,  fijmiing 
s  gracefully  winding  curve,  and  afterwards  slretch- 
iHtniight  to  the  summit  of  the  fall.  In  the  chasms  of 
I  cascade  its  boulders  are  engulfed,  but  tlie  lost  moraine 
tored  below  the  fall,  as  if  disgorged  by  tlie  ice  which 
Jlowed  it.  From  the  extremity  of  the  Janlin  ilself 
>  driblet  of  a  moraine  proceeds,  running  parallel  to 
',  and  like  it  disappearing  at  the  summit  of  the 
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We  (ifterwards  descended  towards  Die  cascade,  but  long 
I- before  this  in  atfaiiiwl  the  most  esperienoed  iceman  ytaM 
I  find  himsolf  in  difficulty.  Tmnaverse  crera^es  ore  formed, 
I  wliich  follow  faeh  other  so  speedily  as  to  leave  between 
I  them  mere  narrow  ridges  of  ice,  along  which  we  moved 
I  cautiously,  jumping  the  adjacent  fiBsurea,  or  getting  round 
rtliem,  as  the  case  demanded.  Aa  we  apftroached  the  jaws 
I'  of  the  gorge,  the  ridgee  dwindled  to  mere  plates  and  wedgee, 
I  which  being  bent  and  broken  by  the  lateral  pressure,  added 
I  to  the  confuBiou,  and  warned  us  not  to  advance,  Th« 
I  position  waa  in  some  measure  an  exciting  one.  Our  guide 
I  bad  never  been  here  before ;  we  were  far  from  the  beaten 
I  track,  and  the  riven  glacier  wore  an  aspect  of  treacherooa 
I  faoBtility.  As  at  the  base  of  the  gifraca,  a  subtermnoan 
I  noise  sometimes  announced  the  falling  of  ice-blocks  int» 
I  hollows  underneath,  the  existence  of  which  the  reeonant 
I  concussion  of  the  fallen  mass  alone  revealed.  There  WM 
I  thus  a  dash  of  awe  mingled  nith  our  thoughts ;  a  stirring 
I  ap  of  the  feelings  which  troubled  the  cixiiness  of  the  inUA' 
1  lect.  We  finally  swerved  to  the  right,  and  by  a  proce^ 
I  the  reverse  of  straightforward  reached  the  Couvercle. 
I  Nightfall  found  us  at  the  threshold  of  our  hot«I. 


On  the  5th  we  were  engaged  for  some  time  in  au  im- 
portant measurement  at  the  Tacul.  We  afterwards  asc-ended 
towards  tlie  siraet,  and  determined  the  incluiations  of  the 
Glacier  du  G^nt  downwards.  Dense  cJoud-masaos  gathered 
round  the  points  of  the  Aiguilles,  nod  the  thunder  belloved 
at  intenuls  from  the  summit  of  Alont  Blanc.  As  nu  da- 
sccuded  the  Mer  de  Glace  tho  valley  in  front  of  oa  was 
filled  with  a  cloud  of  pitcby  darkness.    Suddenly  imm  sidu 


to  side  this  fieH  of  gloom  was  riven  by  a  bar  of  light- 
ning of  intolerable  si>Ien<iour ;  it  was  followed  by  a  peal  of 
oommeusDrate  grandenr,  the  ecbos  of  which  leaped  from 
cliff  to  cliff  long  after  the  first  sound  had  died  away.  The 
discharge  seemed  to  unlock  the  clouds  above  us,  for  they 
sbowerf^il  their  liquid  spheres  down  upon  m  witli  a  mo- 
mentum like  that  of  swan-ahot :  all  the  way  homu  we  were 
battered  by  this  pellet-like  raiu.  On  the  6th  the  rain  ron- 
IiDii^  with  scarcely  any  pause  ;  on  the  7tli  I  was  engaged 
ill  day  upon  the  (ilacier  du  G»5ant ;  on  the  morning  of  the 
8lh  heavy  hail  hod  fallen  there,  the  stones  being  jwrfect 
spheres;  the  rounded  rain-drops  had  solidifiod  during  their 
iteei^nt  without  sensible  change  of  form.  When  tliis  hail 
was  squeezed  together,  it  exactly  resembled  a  mass  of 
oolitic  limestone  which  I  had  picked  up  iu  18ri3  near 
Blankeiibnrg  in  the  Harz.  Mr.  Hirst  aud  myself  "ere  en- 
gaged together  this  day  taking  the  inclinations ;  he  struck 
his  theodolite  at  the  Angle,  and  went  home  acoompanied  by 
Simond,  and,  the  evening  being  extremely  serene,  I  pursued  , 

my   way   down   the   centre   of    the   glacier   towards  the  I 

Echelets.      The  crevasses  as  I   advanced  became    more  | 

deep  and  frequent,  the  ridges  of  ice  between  them  beeom-  j 

ing  gradually  narrower.     They  were  very  fine,  tlicir  down- 
ward faces  being  clear  cut,  perfectly  vertical,  and  in  many  i 
cases   beautifully  veined.     Vast  plates   of  ice   moreover 
cAen  stood  out  midway  between  the  walls  of  the  chasms,  | 
as  if  cloven  from  tlie  glacier  and  afterwards  set  on  edge.  i 
The  place  was  certainly  one  calculated  to  test  tlio  skill 
and  nerve  of  an  iceman ;    and  as  the  day  drooped,  and  | 
the  shadow  in  the  valley  deepened,  a  feeling  approach-  i 
bg  to  awe  took  possession  of  me.     My  route  was  an  exag-            j 
gemted  zigzag ;  right  and  left  amid  the  chasms  wherever            \\ 
a  hope  of  progress  opened ;  and  here  I  made  the  experience  I 

tl  have  often  repeatoil  since,  and  laid  to  heart  as  jj 

I  intellectual  work  also,  that  enormous  difficulties  J 
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may  be  overcome  when  they  are  attacked  in  earnest 
SometimeB  I  found  myself  so  hedged  in  by  fissorefl  that 
escape  aeemed  absolutely  impossible ;  but  dose  and  resulnte 
examjualion  so  often  revealed  a  menus  of  exit,  that  I  felt 
in  all  its  force  the  brave  verity  of  the  remark  of  Mirabeau, 
that  the  word  "  impossible"  is  a  mere  blockhead  of  a  word. 
It  finally  bet^me  necessary  to  reach  the  shore,  but  I  fonud 
this  a  work  of  extreme  difficulty.  At  length,  however,  it  be- 
came pretty  evident  that,  if  I  could  cross  a  certain  crovaase, 
my  retreat  would  be  securetL  The  width  of  the  fissare 
seemed  to  be  fairly  within  jumping  distance,  and  if  I  coold 
have  calculated  on  a  safe  purchase  for  my  foot  I  shoolit 
have  thought  little  of  the  spring ;  but  the  ice  on  the  edge 
from  which  I  was  to  leap  was  loose  and  insecure,  and  hence 
a  kind  of  nervous  thHll  shot  through  nie  us  I  made  thi> 
bound.  The  opposite  side  was  fairly  reached,  but  au  invo* 
luntary  tremor  shook  me  all  over  after  I  felt  myself  sramre, 
I  reached  the  edge  of  the  glacier  without  furtlier  §erious- 
difliculty,  and  soon  after  found  myself  steeped  in  thy  cn^a* 
ture  comforts  of  our  hotel. 

On  Monday,  August  10th,  I  had  the  great  pleasore  of 
being  joined  by  my  friend  Huxley ;  and  though  the  weatfaa 
was  very  unpromising,  we  started  together  up  the  glacieit 
he  being  desirous  to  learn  aomethiug  of  its  general  feutureflj 
and,  if  poasibie,  to  reach  the  Jardin.  We  reached  t 
Couvercle,  and  squeezed  ourselves  timmgh  tlie  Egralets} 
but  here  the  rain  wluKzed  past  us,  and  dense  fog  settled 
u]H)n  the  cascade  of  the  Tal^fre,  obscuring  all  ita  paitt 
We  met  Mr.  Galt^tn,  the  African  traveller,  returning 
irom  an  attempt  upon  the  Jardin ;  and  learning  that  h 
guides  had  lost  their  way  in  the  fofi,  we  deemed  it  prudm 
to  return. 

The  foregoing  brief  notes  will  have  informed  the  reada 
that  at  the  jieriod  of  Mr.  Huxley's  arrival  I  was  not  with 
out  due  training  ujion  the  ice ;  I  may  also  remark,  that  oi 
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the  25tli  of  July  I  reachet!  the  summit  of  tbe  Col  du 
Uciuit,  HccompauiiMl  by  the  boy  Bolmat,  and  retumed  to 
(be  Moiitanvert  on  the  same  day.  My  health  was  perfect, 
oud  ini-essunt  practice  had  taught  me  the  art  of  dealing 
with  the  diffieidtiea  of  the  ice.  From  tlie  time  of  my 
arrival  at  the  Montanvert  the  thought  of  ascending  Monl 
Blanc,  and  thus  expanding  my  knowledge  of  tho  glaciere, 
had  often  occurred  to  me,  and  I  think  I  vas  justiiied  in 
&Mling  that  the  discipline  which  botli  my  friend  Hirat 
and  myself  had  nudergono  ought  to  enable  us  to  accom- 
plish the  journey  in  a  much  more  modest  way  than  ordi- 
oi&ry.  I  thought  a  single  guide  sufficient  for  thi^  ptirpoee, 
and  I  was  strengthened  in  tliis  opinion  by  the  fuct  that 
Sjmond,  who  was  a  man  of  the  strictest  prudenco,  and  who 
at  first  'ieclared  four  guides  to  be  necessarj',  had  lowered 
liis  demand  first  to  two,  and  was  now  evidently  willing  to 
try  tbe  ascent  with  ns  alone. 

On  mentioning  the  thing  to  Mr.  Huxley  he  at  once 
resolved  to  accompany  us.  On  tho  lllh  of  August  the 
weather  was  exceedingly  fine,  though  the  snow  which  had 
lallen  during  the  previous  daya  lay  tliick  upon  the  glacier. 
At  noon  we  were  all  tc^ether  at  tho  Tacul,  and  the  .-iubjoct 
of  attempting  itlout  Blanc  was  mooti_'d  and  discussed.  My 
upiniou  wTis  that  it  would  be  lietter  to  wait  until  the  fresh 
snuw  wliich  loaded  the  mountain  had  disappeared ;  but  the 
weatiicr  was  so  exquisite  that  my  friends  tliought  it  best  to 
taJte  advnntagG  of  it.  We  accordingly  entered  into  an 
^reement  with  our  guide,  and  immediately  descended  to 
moke  pn^'jHirations  for  commencing  the  expedition  on  the 

lowing  morning. 
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On  Wednesday,  the  12tli  of  August,  we  rosfi  early,  nftpr  ft 
verj'  brief  re8t  on  my  part.  Simond  had  proposed  t^i  po  dow» 
to  Cliamouni,  and  ODmnience  the  ascent  in  the  nsiitU  way, 
but  we  preferred  crossing  the  mountains  frnm  the  SfuutoiK 
vert,  straight  to  thfi  Glacier  des  Boasons.  At  eight  o'clocb 
we  started,  accompanied  by  two  porters  who  wero  to  canj! 
our  provisions  to  the  Grands  Mulets,  Slowly  and  silently 
WB  climbed  tJie  hill-side  towards  Charmoz,  We  sooA 
passed  the  limits  of  grass  and  rhododendrons,  and  reached 
the  slabs  of  gneiss  which  overspread  the  summit  of  tli^ 
ridge,  lyiug  one  upou  the  other  like  coin  upon  thu  table  at 
a  money-changer.  From  the  highest  jwint  I  turned  to 
have  a  last  look  at  the  Mer  de  Glace :  and  through  a  pait 
of  very  dark  spectacles  I  could  see  with  perfect  distinol 
ness  the  looped  dirt-bands  of  the  glacier,  which  to  Hat 
naked  eye  are  scarcely  discernible  except  by  twilight 
Flanking  onr  track  to  the  left  rose  a  series  of  migiity 
Aiguilles — the  Aiguille  de  Charmoz,  with  its  bent 
rifted  pinnacles;  the  AigidUe  dii  Grepou,  the  Aiguille  (Jb 
Blaiticre,  the  Aiguille  du  Mitli,  all  piercing  the  hcovt 
with  their  sharp  pyramidal  summits.  Far  in  front  of 
rose  the  grand  snow-cone  of  the  Dome  du  Goutc,  wbil^i 
through  a  forest  of  dark  pines  which  gathered  like 
cloud  at  the  foot  of  the  moimtain,  gleamed  the  w 
minarets  of  the  Glacier  des  I)<ismiiis.  Below  ua  lay  tin 
Valley  of  Chamoimi,  beyond  wliich  were  tlie  Brevent  an< 
the  dioiu  of  the  Aiguilles  Itouges;  beliind  us  was  tin 
granite  obelisk  of  tlio  Aigiiillo  dil  Dm,  while  rloee  at  haw 
science    ftjund  a  corporeal  form  iu   a  pyramid  of  xtooo 
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W(kI  m  a  tngoDometrical  station  by  Profcsaor  Forbes. 
Sound  ii  known  to  trarel  better  up  bill  tlian  dovnu  be- 
naose  the  pulse's  trtiaamitted  from  a  denser  medium  to  a 
rarer,  anffer  leas  lofts  of  inteuaity  than  when  the  transmis- 
sion is  in  the  opposite  direction  j  and  now  the  mellow  voice 
of  tlie  Arte  came  swinging  upwards  from  the  heavier  air 
of  the  valley  to  the  lighter  air  of  the  hills  in  rich  deep 
fences. 
Uk'  H'liy  for  a  time  was  excessively  rough,  our  route 
oviTspreiid  ivith  the  fragments  of  peaks  which  had 
reared  themaelves  to  our  left,  but  which  frost  aud 
ling  had  shaken  to  pieces,  and  poured  in  granite 
down  the  mountain.  We  were  sometimes 
ig  hnge  angular  boulders,  and  sometimes  amid  lighter 
Single,  which  gave  way  at  every  step,  thus  forcing  ua 
to  shift  our  footing  incessantly.  Escaping  from  these,  we 
rTDSRec)  the  succt'ssion  of  secondary  glaciers  which  lie  at 
the  feet  of  the  Aiguilles,  and  having  secured  firewood 
[ouud  (lurselves  afu-r  some  liours  of  hard  work  at  the 
I'Ecielle.  Here  we  were  furnished  with  leggings 
woollen  cloth  to  keep  out  the  snow;  they  were 
under  the  knees  and  r[uite  tightly  again  over  the 
"Smtefe,  so  that  tlie  legs  were  eflectnally  protected.  We 
bad  eonict  refreshment,  possessed  utireelves  of  the  ladder, 
and  entt^trod  upon  the  glacrier. 

10  jct!  was  excessively  figured :  we  crossed  crevasses 
crept  round  slippery  riilges,  cutting  steps  in  the  ice 
iver  cliubiug  was  necessary.  This  rendered  our  pri> 
KKA  Tirry  slow.  Once,  with  the  intention  of  Icnduig  a 
ImlptDg  liand,  1  stepped  forward  ufKin  a  block  of  granite  ' 
wtiicfa  happened  to  be  poised  like  a  rocking  stone  upun  the 
nogh  1  did  not  know  it ;  it  tieachorously  turned 
me ;  1  fell,  but  my  hands  were  in  instant  requisition, 
iscaped  with  a  braise,  from  wliich.  however,  tlie 
antrrily.     We  found  tin.-  ladder  nii-ceasary  in 
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croaaing  some  of  the  chasms,  the  iron  spikes  at  ita  end 
beiug  firmly  driven  into  the  ice  at  one  side,  wliile  thtf 
other  end  rested  on  the  opposite  aide  of  the  fissure.  Tht 
middle  portion  of  the  glacier  was  not  difficult.  Mounds 
ice  rose  beside  us  right  and  left,  which  wen?  eometimei 
plit  into  higb  towers  and  gaunt-looking  pyramids,  while 
the  space  between  was  unbroken.  Twenty  minutes'  walk' 
ing  brought  us  again  to  a  fissured  portion  of  the  glacieri 
and  here  our  porter  left  the  ladder  on  the  ice  behind  him. 
For  some  time  I  was  not  aware  of  this,  but  we  were  soon 
fronted  by  a  cha«n  to  jjass  which  we  were  in  couseijuence 
compelled  to  make  a  long  and  dangerous  circuit  t 
crests  of  crumbling  ice.  Tliis  accomplished,  wo  hoped 
that  no  repetition  of  the  process  would  occur,  but  vt 
siiecdily  came  to  a  second  Assure,  where  it  was  nt%e» 
sarj'  to  step  from  a  projecting  end  of  ice  to  a  mass  of  aoH 
snow  wliich  overhung  the  opposite  pide.  Simond  could 
reach  this  snow  with  his  long-handled  axe ;  he  beat  i 
down  to  give  it  rigidity,  but  it  was  exceedingly  t^ndefj 
and  as  he  worked  at  it  he  continued  to  express  Ws  fefttl 
that  it  would  not  bear  us,  I  was  the  lightest,  of  thi 
party,  and  therefore  tested  the  passage  first;  being  pMi. 
tiftlly  lifted  by  Simond  on  the  end  of  bis  axe,  I  crosacd 
the  fissure,  obtained  some  anchorage  at  the  other  side,  and' 
helped  the  others  over.  We  afterwards  ascended  until 
another  chasm,  deeper  and  wider  than  any  we  had  hitherb) 
encountered,  arrested  ns.     We  walked  alongside  of  it  in, 

'  Bearch  of  a  snow  bridge,  which  we  at  length  found,  but  th» 
kej'stone  of  the  arch  had  unfortunately  given  way,  leaving 

I  projecting  eaves  of  snow  at  both  sides,  between  wliich  w« 
could  look  into  the  gulf,  till  the  gloom  of  its  deeper  pop- 

'   tions  cut  the  vision  ahort     Both  sides  of  the  crevaaso  were 

I  sonndiil,  hut  no  sure  footing  was  obtained ;  the  snow  was 
beatvn  and  eorefidly  trodden  down  as  near  to  the  edge  a 
{masible,  but  it  finally  broke  away  from  the  foot  und  fell 
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^■ttt  lUe  cliasm.     One  of  our  porters  was  sliort-le^ged  and 

^Hjbftd  iceman ;  the  other  wns  a  daring  fellow,  and  he  now 

throw  the  knapsack  from  his  Ehouldera,  came  to  the  edge 

of  the  creTasae,  looked  into  it,  but  drew  back  again.    At^er 

a  pause  ho  repeated  the  act,  testing  the  snow  with  his  feet 

and  stuGT.     I  looked  at  the  man  as  he  stood  beaido  the 

cbasin  manifestly  undocided  aa  to  whether  lie  should  take 

the  step  upon  which  his  life  would  liaug,  and  thought  it 

{AviEKblo  to  put  a  atop  to  such  perilous  play.     I  accord- 

Jfi^j  interposed,  the  man  withdrew  irom  the  creyasse,  and 

md  Simond  descended  to  fetch  the  ladder. 

uVliile  they  were  away  Huxley  sat  down  upon  the  ice, 

1  tm  expression  of  fatigue  stamped  ujion  his  eounte- 

:  the  spirit  and  the  muscles  were  evidently  at  war. 

1  the  reaolut*'  will  mixed  iteolf  strangely  with  the  sense 

(peril  and  feeling  of  exhaustion.     He  had  been  only  two 

I  with  ns,  and,  though  his  strength  is  great,  he  had  had 

f  Opjtortuntly  of  hardening  himself  by  previous  exercise 

1  the  ice  for  tlie  task  which  he  had  undertaken.     The 

:  now  arrived,  and  we  crossed  the  crevasse.     I  was 

Oitionally  the  last  of  the  party,  Huxley  being  immedi- 

Igjy  in  front  of  me.     The  determination  of  the  man  dia- 

l  bis  real  condition  from  everybotiy  but  myself,  but 

liw  that  the  exhausting  journey  over  the  boulders  and 

1  had  been  too  much  for  his  London  limbs.     C'on- 

"■TBTting  my  wateqjroof  havresock  into  a  cushion,  I  made 

bjm  sit  'limn  upon  it  at  intervals,  and  by  thus  breaking  the 

Btecp  ascent  into  short  stages  we  reached  the  cabin  of  the 

Graud»  Mulcts  together.     Here  1  apread  a  rug  on  the 

huanls,  and  placing  my  bag  for  a  pillow,  he  lay  down,  and 

after  uii  hour's  profound  sleep  he  rose  refreshed  and  well ; 

Imt  still  he   thought  it  wise  not  to  attempt  the   ascent 

iJlIth^^.     Our  porters  loft  us:  a  baton  was  stretched  across 

tbo  roi>m  over  the  stove,  and  our  wet  socks  and  leggings 

tbrowu  across  it  to  dry ;    our    boots  were  placed 
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aroniul  the  fire,  and  we  set  Bboot  preparing  onr  evening 
meal.  A  pan  was  placed  upon  the  fire,  and  filled  with 
snow,  which  in  dne  time  melted  and  boiled ;  I  ground  some 
chocolate  and  placed  it  in  the  pan,  and  afterwards  ladled 
the  beverage  into  the  vessels  we  possessed,  which  con- 
aiated  of  two  earthen  dishes  and  tlie  metal  cases  of  onr 
brandy  flasks.  After  supper  Simoud  went  out  to  inspect 
tlie  glacier,  and  was  observed  by  Hiisley,  as  twilight; 
fell,  in  a  state  of  deep  contemplation  beside  a  crevasse. 

Oradoally  the  starts  a[ipeare4.1,  but  as  yet  no  moon. 
fore  lying  down  we  went  out  to  look  at  the  firmament,  ai 
noticed,  what  I  suppose  has  been  observed  to  some  extei 
by  everybcHiy,  thai  the  stars  near  the  horizon  twin] 
busily,  while  those  near  the  zenith  shfine  with  a  stead] 
light.  One  large  star  in  particular  eicited  our  admira*' 
tiou ;  it  flashed  intensely,  and  changed  colour  incessantly, 
sometimes  blushing  like  a  ruby,  and  again  gleaming  like 
an  emerald,  A  determinate  colour  would  sometimes  re- 
main constant  for  a  sensible  time,  but  usually  tlie  Hashei' 
tuUoned  each  other  in  very  qniek  succession.  Three  plankr 
were  now  placed  across  the  room  near  the  stove,  aiKl 
njion  these,  with  their  rugs  folded  ronnd  tiiem,  HozlflJ' 
and  Hirst  stretched  themselves,  while  I  nestled  on  ^i 
boards  at  the  most  distant  end  of  the  room.  Wo  rose  at 
eleven  o'clock,  renewed  the  fire  and  warmed  oursRlTOB, 
after  which  we  lay  down  again.  I  at  length  obs 
patch  of  pale  light  upon  the  wooden  wall  of  thi 
which  had  entered  through  a  hole  in  the  end  of  the  e<lil 
and  rising  found  that  it  was  past  one  o'clock.  The  cl 
less  moon  was  shining  over  tlio  wastes  of  snow.  luuJ 
scene  otitstdc  wss  at  once  wild,  grand,  and  beantifid. 

Itreakftut  was  soon  prepared,  though  not  without  di 
cnlty ;  we  had  no  cun<]les,  they  had  been  forgf^lten ; 
fortunately  i>osscssed  a  box  of  wax  matches,  of  which  Yl 
took  charge,   patiently  igniting  them  in  succei^sion, 


STAKT  FBOM  THE  0BAND8  MULET8, 


litifl  giving  OS  a  tolerably  continuous  liglit  W&  had  somf 
im,  whtcli  had  beea  made  at  the  MoDtanvort,  anil  carried 
0  tlie  Grands  Mulefce  in  a  bottle.  My  memory  of  that 
lea  is  not  pleasant ;  it  had  been  left  a  whole  night  in  cou- 
mA  with  its  leaves,  and  smacked  strongly  of  tannin.  The 
mow-water,  moreover,  with  which  we  diluted  it  was  not 
lore,  bat  left  a  black  residuum  at  the  bottom  »f  the  dishee 
n  which  the  beverage  was  served.  The  few  ]>rovision8 
ieemed  ueceHsary  being  placed  in  Simond'e  knapsack,  at 
weuty  minutes  past  two  o'clock  we  scrambled  down  the 
'ocks,  leaving  Uuxley  behind  us. 

The  mow  was  hardened  by  the  night's  frost,  and  we 
ten  clieerwl  by  the  hoiw  of  being  able  to  accomplish 
be  ascent  with  comparatively  little  labour.  We  were 
iBTJroned  by  an  atmosphere  of  perfect  purity ;  the  larger 
tMiH  hung  like  gems  above  us,  and  the  moon,  about  half 
tUI,  Rhone  witli  wondrous  radiance  in  the  dark  firmament 
hte  star  in  particular,  which  lay  eastward  from  the  moon, 
addenly  made  it^  appearance  above  one  of  the  Aiguilles, 
iUd  bnniod  there  with  unspeakable  splendour.  We  turned 
OM  towards  the  Mnlets,  and  saw  Huxley's  form  projected 
0aiist  tiu^  sky  as  he  stood  upon  a  pinnacle  of  rock ;  he 
;«V0  us  n  last  wave  of  the  hand  and  descended,  while  we 
Med«d  from  him  into  the  solitudes. 

The  ercning  previous  our  guide  had  examined  the  glacier 
X  some  distance,  liis  progress  having  been  arrested  by  a 
reTBfMe.  Beside  this  we  soon  halted :  it  was  spanned  at 
Be  place  by  a  bridge  of  snow,  which  was  of  too  light  a 
lrDCtiir«  to  permit  of  Simond's  testing  it  alone ;  we  theiT- 
JTS  paused  while  our  guide  uncoiled  a  rope  and  tied  us 
U  togiitber.  The  moment  was  to  me  a  peculiarly  solemn 
no.  Our  little  party  seemed  so  lonely  and  so  small  amid 
be  nlt-nce  and  tlie  vastness  of  the  surrounding  scene.  We 
t  alwut  to  try  our  strength  under  unknown  conditions, 
p  the  Turious  ]K)ssibilities  of  the  enterprise  crowded  on 
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the  imagination,  a  sense  of  resjwmibility  for  a  moment  I 
oppressed  me.    But  as  I  looked  aloft  and  saw  the  glory  of  J 
the  heavens,  my  heart  lightened,  and  I  remarked  cheerilj 
to  llirst   that  Nature  seemed  to  smile  upon  onr   work 
"  Yes,"  lie  replied,  in  a  calm  and  earnest  voice,  "  and,  GoJ 
willing,  we  shall  accomplish  it" 

A  pale  light  now  overspread  the  eastern  eky,  wUid 
increased,  as  we  ascended,  to  a  daffodil  tinge ;  this  after 
wards  heightened  to  orange,  deepening  at  one  extremity 
into  red,  and  fading  at  the  other  into  a  pure  ethereal  h 
to  which  it  would  be  difScult  to  assign  a  special  nan 
Higher  np  the  sky  was  violet,  and  this  changed  by  insea< 
sihle  degrees  into  the  darkling  blue  of  the  zenitli,  wbicll 
had  to  thank  the  light  of  moon  and  stars  alone  for  its  e  "  ' 
euee.  We  wound  steadily  for  a  time  through  valleys  a 
ice,  climbed  white  and  slippery  dopes,  crossed  a  tansi 
ber  of  crevasses,  and  after  some  time  found  otinelrei 
beside  a  chasm  of  great  depth  and  ividth,  which  extendai 
right  and  loft  as  far  as  we  could  see.  We  turned  to  tl 
left,  and  marched  along  its  edge  in  search  of  a  pent ;  b 
matters  liecame  gradually  worse:  other  ere^'asses  joinel 
on  to  the  first  one,  and  the  further  we  proceeded  the  su 
riven  and  dislocattid  the  ice  became.  At  length 
reached  a  place  where  further  advance  was  impossibla 
Simond  in  his  difficulty  complained  of  the  want  i 
light,  and  wished  us  to  wait  for  the  advancing  day; 
on  the  contrary,  thought  that  we  bad  light  enough  OD 
ought  to  make  use  of  it  Here  the  thought  occurred  to  ni 
that  Simond,  having  been  only  once  before  to  the  top  of  ll 
mountain,  might  not  be  quite  clear  about  the  route ;  tl 
glacier,  however,  changes  within  certain  lunits  from  i 
to  year,  so  that  a  gt;Ufml  knowledge  was  all  tliat  contil  b 
expected,  and  we  trustod  to  our  own  muscles  to  make  goc 
any  mistake  in  the  way  of  guidance.  We  now  turned  al 
n-lraccd  our  stei>s  along  the  edges  of  chasms  whei-u  the  Ii 
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ns  liiaintegrated  and  insecitre,  and  succeeded  at  length  in 
finding  a  bridge  wliieli  bore  us  acroBs  tbe  crevasse.  TbJa 
toot  caused  us  the  loss  of  an  hour,  and  after  walking  for  this 
tune  we  could  cast  a  stoue  from  the  point  we  had  attained 
to  the  place  whence  we  had  been  compelled  to  return. 

Our  way  now  lay  along  the  face  of  a  ateep  incline  of 
oow,  which  was  cut  by  the  fissure  we  liad  just  passed,  in  a 
firertion  i»raliel  to  our  route.  On  the  heights  to  our 
I^t,  loose  ice-crags  seemed  to  totter,  and  we  passed  two 
tiscks  over  which  the  frozen  blocks  had  rushed  some  short 
previously.  We  were  glad  to  get  out  of  the  range  of 
these  terrible  projectiles,  and  still  more  so  to  escape  the 
ncinity  of  that  ugly  crevasse.  To  be  killed  in  the  open  air 
be  a  luxury,  compared  with  having  the  life  squeezed 
of  one  in  the  horrible  gloom  of  these  chaems.  The  blnsh 
fte  coming  day  became  mori'  and  more  intense ;  still  the 
himself  did  not  appear,  being  hidden  from  us  by  the 
peaks  of  the  Aiguille  du  Midi,  which  were  drawn  clear 
and  sharp  agaimit  the  brightening  sky.  Eight  imder  this 
Aiguille  were  heaps  of  snow  smoothly  rounded  and  consti- 
tuting a  portion  of  the  sources  whence  the  Glacier  du 
G^ant  is  fed ;  these,  as  the  day  advanced,  bloomed  with  a 
rosy  light.  We  reached  the  Petit  Plateau,  which  we  found 
covered  with  the  remains  of  ice  avalanches;  above  us  upon 
the  crest  of  the  mountain  rose  three  mighty  bastions, 
divided  from  each  other  by  deep  vertical  rents,  with  clean 
nuoDth  walls,  across  which  the  lines  of  annual  bedding 
were  drawn  like  courses  of  masonry.  From  these,  wliJch 
iiuveBaQtIy  renew  themselves,  and  from  the  loose  and 
fnDken  ice-crags  near  them,  the  boulders  amid  which  we 
1  now  threaded  our  way  bud  been  diachnrged.  When  they 
I     &I1  their  dest-ent  must  be  sublime. 

The  snow  had  been  gradually  getting  deeper,  and  the 

Et  more  wearisome,  but  superadded  to  this  at  the  Petit 
BU  was  the  uacertainly  of  the  fooling  between  the 
E  2 
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blocks  of  ice.  In  many  places  the  space  was  mere 
covered  by  a  tkin  cruHt,  which,  when  trod  u{X)ii,  instantljK 
yiuMed,  and  we  sank  with  a  shock  sometimes  to  the  hips. 
Our  way  next  lay  up  a  steep  incline  to  the  Grand  Flateau, 
the  depth  and  tenderness  of  the  anow  augmenting  as  w 
ascended.  We  Iiad  not  yet  seen  the  sun,  but,  as  we 
attained  the  brow  which  forms  the  entrance  to  the  Grand 
Platfiau,  he  hung  his  disk  upon  a  spike  of  rock  to  oat 
left,  and,  surrounded  by  a  glory  of  interference  spectra 
of  the  most  gorgeoua  colours,  blazed  down  upon  us.  Otk 
the  Grand  Plateau  we  halted  and  had  our  fn^al  refreah* 
meut.  At  some  distance  to  our  left  was  the  crevasse  a 
which  Dr.  Hamel's  three  guides  were  precipitated  by  OM 
avalanche  in  1820;  they  are  still  entombed  in  the  io6^- 
and  some  future  explorer  may  perhaps  see  them  disgorged 
lower  down,  fresh  and  undecayed.  They  can  hardly  i 
the  surface  until  they  pass  the  anow-Iine  of  the  glaoi^,  f 
above  this  line  the  quantity  of  snow  that  anuuaJly  fi 
being  in  excess  of  the  quantity  melted,  the  tendency  would 
ije  to  make  the  ice-covering  above  them  thicker.  Bnt  i 
is  also  possible  that  the  waste  of  Uie  ice  uudEmcatb  ma] 
have  brought  tlie  bodies  to  the  bed  of  the  glacier,  ' 
their  very  bones  may  have  been  ground  to  mud  by  • 
agency  which  the  hardest  rocks  cannot  withstand. 

A^  the  sun  poured  his  tight  upon  the  Plateau  the  little 
snow-facets  sparkled  brilliantly,  sometimes  with  a  piu 
white  light,  and  at  others  with  prismatic  colours.  Cow 
trasted  with  the  white  spaces  above  and  aroimd  us  wen 
the  dark  mountains  on  the  opposite  side  of  tlie  valley  a 
Chumouni,  around  which  fantastic  masses  of  clnod  wen 
beginning  to  build  themselves.  Mont  Bnet,  with  its  o 
of  snow,  looked  small,  and  the  Brevent  altogetJwr  i 
the  limestone  bastions  of  the  Fys,  however,  still 
Kenteil  a  front  of  gloom  and  gniudeur.  We  Uhtm 
(he  GraLd  Plateau,  and  at  length  reached  the  batw  of  hi 
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mely  steep  incline  wliich  stretehed  upwards  towards 
Corridor.     Here,  as  if  produced  by  a  fftult,  consequent 

tliB  sinkiiig  of  the  ice  iu  frout,  rose  a  vertical  prei'i- 

fitMD  the  coping  of  which  vast  stalactites  of  ice  dt- 

Previoiis  to  reaching  this  place  I  had  noticed  a 

expression  upon  the  countenance  of  our  guide, 

WB8  now  intensiiied  by  the  prospect  of  the  ascent 

him.     Hitherto  he  had  always  been  in  front,  which 

certainly  the  most  fatiguing  position.  I  felt  that  I 
now  take  the  lead,  ao  I  spoke  cheerily  to  the  man 
tnd  {daced  him  behind  me.  Slarking  a  number  of  points 
Ofcm  the  slope  as  resting  places,  I  went  swiftly  from  one 
to  the  other.  The  surface  of  the  enow  had  been  partially 
melted  by  the  sua  and  then  refrozen,  thus  forming  a  super- 
ficial crust,  which  bore  the  weight  up  to  a  certain  point, 
ud  then  suddenly  gave  way,  permitting  the  leg  to  sink 
to  above  the  knee.  The  shock  conseqnent  on  this,  and  the 
nbsequent  effort  necessary  to  extricate  the  leg,  were  ex- 
tremely fatiguing.  My  motion  was  complained  of  as  too 
qtURk,  and  my  tracks  as  imperfect;  I  moderated  the 
former,  and,  to  render  my  footholes  broad  and  sure,  I 
ttomped  npon  the  frozen  crust,  and  twisted  my  legs  in  the 
strfl  moas  underneath, — a  terribly  exhausting  process.  I 
thus  led  the  way  to  the  base  of  the  Eochers  Rouges,  up  to 
irhich  the  fault  already  referred  to  had  prolonged  itself  as 
A  crevasse,  wliich  was  roofed  at  one  place  by  a  most  dan- 
gerous-looking SDOw-bridge.  Simond  came  to  the  &ont : 
I  drew  his  attention  to  the  state  of  the  snow,  and  proposed 
iJifnbing  the  Kochers  Rouges  ;  but,  with  a  promptness  un- 
uiuiil  with  him,  he  replied  that  this  was  impossible ;  the 
bridge  was  our  only  means  of  passing,  aud  we  must  try  it. 
We  grasped  our  ropes,  and  dug  our  feet  firmly  into  the  snow 
to  check  the  man's  descent  if  the  po^U  gave  way,  but  to  our 
agfamishment  it  bore  liim,  and  bore  us  safely  after  him. 
The  idojje  which  we  hail  now  to  asceud  had  the  snow  swept 
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from  its  surfaco,  aiid  was  therefore  firm  ice.  It  was  moa 
daugerously  steep,  and,  its  termin&tioii  being  the  fretted' 
coping  of  the  precipice  to  which  I  have  referred,  if  \ 
slid  downwards  we  Bhonld  shoot  over  this  and  bo  dashed 
to  pieces  upon  the  ice  below,*  Simond,  who  had  come  ti 
the  front  to  cross  the  crevasse,  was  now  engaged  in  cutting 
8te{)s.  which  he  made  deep  and  large,  so  that  they  mi^hl 
serve  na  on  our  return.  But  the  listless  strokes  of  hirt 
axe  proclaimed  liis  exhaustion ;  so  I  took  the  implement 
out  of  hifl  hands,  and  changed  places  with  him.  Stej)  afteit 
step  was  hewn,  but  the  top  of  the  Corridor  appeared  € 
to  recede  from  us.  Hirst  was  behind  unoccupied,  and  could 
thus  turn  bis  thoughts  to  the  peril  of  our  position :  he  fttli 
the  angle  on  which  we  hung,  and  saw  the  edge  of  the  prer 
cipice,  to  which  less  than  a  quarter  of  a  minute's  aUde 
would  cany  us,  and  for  the  first  time  during  the  journey  ha 
grew  giddy.  A  cigar  which  he  lighted  for  the  purpoao 
tranquilized  him. 

I  hewed  sixty  steps  upon  this  slope,  and  each  step  b 
BOst  a  minute,  by  Hirst's  watch.  The  Mur  de  la  C^ 
was  still  before  us,  and  on  this  the  guide-books  to* 
formed  us  two  or  tliree  hundred  steps  were  sometimes  fbimd 
necessary.  If  sixty  steps  cost  an  hour,  what  would  be  t 
cost  of  two  hundred?  The  question  was  disheartening  iq 
the  extreme,  for  the  time  at  which  we  had  calculated  o 
reaching  the  summit  was  already  jmssed,  wliile  the  cliiflj 
difficulties  remained  unconquered.  Having  hewn  our  waj 
along  tlie  hai-der  ice  we  reached  snow.  I  again  resorted  t 
stamping  to  secure  a  footing,  and  while  thus  engaged  b4i 
came,  for  the  first  time,  aware  of  the  drain  of  force  1 
which  I  was  subjecting  myself.      Tlie  thonght  of  beinj 

*  TliOMi  ncqiiikiiitul  wltb  tlie  mauntiiiii  will  al  oaoe  rocognisD  Iho  gisi 
error  iimo  aonualtUHl.  In  luct,  tiii  etartjiig  fruui  tlie  llnuirli  Hnlut*  « 
had  I'riMMil  lli<<  gbkcier  tou  fiu,iuiil  tliniiigbout  were  Bincli  tMi  cIom  IoU 
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ibaolately  exhauated  had  never  occurred  to  me,  and  from 
Int  to  last  1  had  taken  no  care  to  husband  my  strength.  I 

s  calculated  that  the  anil  would  serve  me  even  shonid 
musrles  fail,  but  I  now  found  that  mechanical  laws  nite 

in  the  long  run ;  that  no  effort  of  will,  no  power  of 

can  draw  beyond  a  certain  limit  upon  musenlar  force. 

soul,  it  is  true,  can  stir  the  body  to  action,  but  its 
is  to  excite  and  apply  force,  and  not  to  create  it^ 
WMe  stamping  forward  through  the  frozen  crust  I  was 
oampelled  to  pause  at  short  intervals ;  then  would  set  out 
tgain  apparently  fresh,  to  find,  however,  in  a  few  minutes 
that  my  strength  was  gone,  and  that  I  required  to  rest 
onee  more.  In  this  way  I  gained  the  simimit  of  the  Cor- 
ridor, when  Hirst  came  to  the  front,  and  I  felt  sonje  relief 
in  Btepping  slowly  after  lum,  making  use  of  the  holes  into 
which  his  feet  had  sunk.  He  thus  led  the  way  to  the  base 
vt  the  Mur  de  la  Cote,  the  thought  of  which  liad  so  long 
Mat  a  gioora  opon  us ;  here  we  left  our  roi>e  behind  us, 
k&d  while  pausing  I  asked  Simond  whether  he  did  not  fed 
t  desire  to  go  to  the  summit — "  Sien  mr,"  wiia  hia  reply, 
"  mau  V  Our  guide's  mind  was  so  constituted  that  the 
"nwM"  seemed  essential  to  ita  peace.  I  stretched  my 
hand  towards  him,  and  said,  "Simond,  we  must  do  it." 
One  thing  alone  I  felt  could  defeat  us :  the  usual  time  of 
die  ascent  had  been  more  than  doubled,  the  day  was 
alteady  Car  spent,  and  if  the  ascent  would  throw  our  sub- 
leqtient  descent  into  night  it  could  not  be  contemplated. 

We  DOW  faced  the  Mnr,  which  was  by  no  means  so  bad 
H  we  had  expected.  Driving  the  iron  claws  of  our  boote 
JBto  the  scars  made  by  the  axe,  and  the  spikes  of  our 
bttons  into  the  slope  above  our  feet,  we  ascended  steadily 
nntfl  the  summit  was  attained,  and  the  top  of  the  moun- 
tain rose  clearly  above  us.  We  congratulated  ourselves 
upon  this;  but  Simond,  probably  fearmg  that  our  joy 
might  Ix-come  too  full,  remarked,  "  Mais  Ic  sominet  est  en- 
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core  bien  loin!"  It  was,  alas!  too  true.  The  snow  be- 
came Bott  a^io,  and  our  weaty  limbs  sank  in  it 
before.  Our  guide  went  on  in  front,  audibly  muttering 
his  doubte  as  to  our  ability  to  reach  the  top,  and  at  length 
he  threw  bimsiiJf  tipon  the  rqow,  and  exclaimed,  "  II  ftoA 
U  rmmcer .'"  Rirst  now  undertook  the  task  of  rekindling 
the  guide's  enthusiasm,  after  which  Simond  rose,  ex- 
claiming, "Ah!  comme  qa  me  fait  mal  aux  genota"  and 
went  forwai-d.  Two  rocks  break  tJirough  the  snow  between 
the  summit  of  tlio  Mur  and  the  top  of  the  mountain 
the  firi^  is  called  the  Petite  Mulets,  and  the  highest  the 
Derniers  Rochers.  At  thi;  i'ormer  of  thtwe  we  paused  to 
rest,  and  finished  our  scanty  store  of  wine  and  provisiOD& 
We  had  not  a  bit  of  bread  nor  a  drop  of  wine  left ;  oca 
brandy  fiasks  were  also  nearly  exhausted,  and  tlins  we  had 
to  contemplate  the  journey  to  the  aunuuit,  and  the  Eubee- 
quent  descent  to  the  Grands  Mulets,  without  the  slights 
prospect  of  physical  refreshment  The  almost  total  loM 
of  two  nighta'  sleep,  with  two  days'  toil  superadded,  made 
me  long  for  a  few  minutes'  doze,  so  I  8tret<'hed  my»^ 
upon  a  composite  couch  of  snow  and  granite,  and  immfr 
diately  fell  asleep.  My  friend,  however,  soon  aroused  ma.' 
"  You  quite  frighten  me,"  he  said ;  "  I  have  listened  fiw 
some  minutes,  aud  have  not  heard  you  breathe  once." 
had,  in  reoUty,  been  taking  deep  draughts  of  the  taa 
tftin  air,  but  so  silently  as  not  to  be  heard. 

I  now  filled  our  empty  wine-bottle  with  snow  and  placed 
it  in  the  sunsliiue,  that  we  might  have  a  little  water  ot 
our  return.  We  tlien  rose ;  it  was  half-past  two  o'clock  i 
we  had  been  upwards  of  twelve  hours  climbing,  and  I  cat 
culated  tliat,  whether  we  reached  the  summit  or  nut,  m 
could  at  all  events  work  towards  it  for  another  hour.  Tl 
the  sense  of  fatigue  previously  experienced,  a  new  phi 
menon  wao  now  added — tliti  beating  of  the  heart-  W( 
'easantly  pulled  up  by  this,  wliicli  aumetimes  bft 
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Duno  80  intense  us  to    suggest    danger.     I  counted  the 
^^noinber  of  pucfs  wliioh  we  were  able  to  acenmplish  witb- 
^upt  retiting,  and  found  that  at  the  end  uf  everj-  twenty. 
^^ppnetimeB  ut  the  end  of  fii'toeu,  we  wore  compelled  to 
V^aofle.     At  each  pause  my  heart  throbbed  audibly,  a^  1 
leaned  upon  my  stafl',  and  the  subsidence  of  tliia  artion 
was  alwaya  tlic  signal  for  further  advance.     My  breathing 
^  ms  quick,  bat  light  and  unimpeded.     I  endeavoured  l« 
^HBKartain  whether  the  hip-joint,  on  account  of  the  dimi- 
^^■iriied   atmospheric  pressure,  became  loosened,  so  a^  to 
™  throw  tJlv  weight  of  the  leg  upon  the  surrounding  liga- 
ment*, but  could  not  be  certain  about  it.     I  also  sought  a 
littie  aid  and  encouragement  from  philosophy,  endeavour- 
iu^r  to  rememljer  what  great  things  bad  been  done  by  the 
iM»Mimulation  of  small   quaatities,  and  I  urged  upon  my- 
•elf   that  the    present   was  a  case  in  point,   and   that 
the  wmunation  of  distances  twenty  paces  each  must  finally 
place  us  at  the  top.     Still  the  question  of  time  left  the 
r  long  in  doubt,  and  until  we  had  passed  the  DemierN 
lew  we  workefl  on  with  the  stem  indifference  of  men 
re  doing  their  duty,  and  did  not  look  to  consi^ 
.  Hew-,  however,  a  gleiim  of  hope  began  tobrightfn 
Bonis ;    the  summit  became    visibly  nearer,  Sinjond 
iwod  more  idacrity ;  at  length  success  became  certain, 
1  at  half-past  three  p.m.  my  friend  and  I  clasped  bandn 
a  the  top. 
t  ttummit   of  the  mouatoin   is  an   elongated   ri<lge. 
,   ha»   been   compared   to  the  bai'k  of  an  ass.     It 
I  ptrfectly  manifest  that  we    were  dominant  over  all 
•  moQQtains;    as  far  as  the   eye   could   range  Mnnt 
3  bad  no  competitor.     The  summits  which  liad  lorjkcd 
I  in  the  morning  were  now  far  beneatli  us. 
B  D&me  du  Goiitc,  which  had  held  its  threatening  geracii 
a  OS  BO  long,  was  now  at  our  feet.    The  Aiguille  (hi 
L,  Hont  Blanc  du  Tocid,  and  the  Munta  Maadlts,  t 
E  3 
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Tal&fre  with  its  suirounding  peaks,  the  Grand  Jomsse,  Mont 
Mallet,  and  tlie  Aiguille  du  Gr<5aut,  with  our  own  familitff 
glftciere,  were  aU  below  lis.  And  as  onr  eye  ranged  o 
the  brood  ehimlders  of  the  mouotain,  over  ice  hille  t 
valleys,  plateaux  aud  far-stretching  slopes  of  snow,  thfti 
conception  of  ita  magnitude  grew  upon  us,  and  impressed 
ns  more  and  more. 

The  clouds  were  very  grand— grander  indeed  than  any- 
thing I  bad  ever  before  seen.  Some  of  them  seemed  to 
hold  thunder  in  their  breasts,  they  were  so  dense  and  dark  ;■ 
others,  with  their  faces  turned  sunward,  slioue  with  tho 
da;tzling  whiteness  of  the  mountain  snow;  while  others 
again  biult  themselres  into  forms  resembling  gigantic  elm 
trees,  loaded  with  foli^e.  Towards  the  horizon  the  tuxiuy 
of  colour  added  itself  to  the  magnificent  oltematioa  o£ 
light  and  shade.  Clear  spaces  of  amber  and  ethereal  green' 
embraced  the  red  and  purple  cumuli,  and  seemed  to  fomi 
the  cradle  in  which  they  swung.  Closer  at  hand  squally 
mists,  suddenly  engendered,  were  driven  hither  and  thither 
by  local  winds ;  while  the  clouds  at  a  distance  lay  "Uko 
angels  sleeping  on  the  wing,"  with  scarcely  visible  motioii. 
Mingling  with  the  clouds,  and  sometimes  rising  above  tbenv 
were  the  highest  mountaiu  heads,  and  as  our  eyes  wandered 
from  peak  to  peak,  onwards  to  the  remote  horizon,  space 
itself  seemed  loore  vast  irom  the  manner  in  which  the 
objects  wliich  it  held  were  distributed. 

I  wished  to  repeat  the  remarkable  experiment  of 
De  Saussiire  upon  sound,  and  for  this  purpose  hod  requested 
Simond  to  Itriiig  a  pistol  from  Chomouni ;  but  in  the  mnl-^ 
titude  of  his  o-urea  he  forgot  it,  and  iu  lieu  of  it  my  host  a 
the  Montanvert  had  placed  in  two  thi  tubes,  of  the  Bonn 
i  elze  and  shajie,  the  same  amount  of  gunfrnwder,  aecurelj^ 

closing  the  lubes  afterwards,  and  I'umisliing  each  of  thi 
I  with  a  small  lateral  aperture.  We  now  plants  one  ( 
[  them  upon  the  Hnuw,  and  bringing  a  strip  of  amadoa  h 
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^^pRnmimication  with  the  fonchhole,  ignited  its  most  distant 
HSnd :  it  failed ;  we  tried  agnin,  and  were  successful,  tlie 
explosion  tearing  asunder  (he  Uttle  case  which  contained 
tho  powder.  The  sound  was  certainly  not  so  great  as  I 
Bbiinld  have  expected  from  an  erjnal  quantity  of  powder  at 
the  HIM  IcveL* 

The  enow  upon  the  siimmit  was  indurated,  hut  of  an 
BXoe«Iingly  fine  grain,  and  the  beautiful  effect  already 
I  to  as  noticed  upon  the  St^lvio  was  strikingly 
Thp  hole  made  by  driving  the  baton  into  the 
V  was  filled  with  a  delicate  blue  light ;  and,  by  mam^;e- 
mt,  its  comjilementary  pinky  yellow  could  also  be  pro- 
Even  the  iron  spike  at  the  end  of  the  baton  made 
>  siifBciently  deep  to  exhibit  the  blue  colour,  which 
tUy  depends  on  the  size  and  arrangement  of  the  snow 
lain.  The  firmament  above  us  was  without  a  cloud,  and 
f'A  darkness  almost  equal  to  that  which  surroimded  the 
moon  at  2  a.m.  Still,  though  tlie  sun  was  shining,  a  bree2e, 
vlwee  tooth  had  been  sharpened  by  its  passage  o\'cr  the 
Boow-fields,  searched  us  through  and  through.  The  day 
was  also  waning,  and,  urged  by  the  warnings  of  our  ever 
jMndeiit  guide,  we  at  length  began  the  descent 

Bnvtty  was  now  in  our  favour,  but  gravity  could  not 

rely  wpare  our  wearied  limbs,  and  where  we  sank  in  the 

■  WB  found  our  dowTiward   progress  very  trying.     I 

fered  from  thirst,  but  after  we  had  dirided  the  liquefied 

»  at  the  Petits  Mulcts  amongst  us  we  had  nothing  lo 

I  crammed  the  clean  snow  into  my  mouth,  biit  tho 

of  melting  was  slow  and  tantalizing  to  a  pari'hed 

Kl  firnd  Uie  Bt-'culul  cue  in  a  field  iu  Hsmpsliin.',  eukI.  lu  fiir  ae  nif  lui- 
j  eiutl'li-il  mc  lo  lunicc  ttu  conipBciEoti.  found  its  Hiund  coiiEiili.mlly 
itfiivr,  ir  I  niujr  une  tlm  uipreiuicni.  Iu  1851)  1  liail  a  piilol  firod  at  tlic 
•uuiiiilt  i>[  Mwit  Blone:  ibi  huuuJ  vm  ei'iiflibly  fccblei  au<l  Aorler  Ihaa  in 
ihr  Titilt.'j  :  II  rcKinblcd  Hotnewluil  Iku  duclmrgi'  uf  h  ixirk  Ihim  n  t-linm- 
re  bottlv,  UioQgh  iBucli  lourliT.  but  it  cDuld  uut  be  at  nil  FuniiHUtd  to 
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throat,  while  the  chill  was  painful  to  the  teeth.  Wo  marched 
along  the  Corridor,  and  crossed  cautiously  the  perilous  slopQ 
oil  which  we  had  cut  steps  in  the  morning,  breathing  moiq 
freely  after  we  had  cleared  the  ice-precipice  before  d* 
scribed.  Aloug  the  base  of  tlus  precipice  we  now  Wi 
diverging  from  our  morning's  track,  in  order  Ui  get 
footing  in  tlie  snow ;  it  was  like  flour,  and  while  desceiidiD| 
to  the  Grand  Plateau  we  sometimes  sunk  in  it  nearly  M 
the  waist.  When  I  endeavoured  to  squeeze  it,  so  aa  to  fill 
my  flask,  it  at  first  refused  to  cling  together,  behsTiB^ 
like  80  much  salt ;  the  heat  of  the  hand,  however, 
■  rendered  it  a  Uttlo  moist,  and  capable  of  being  pressed  into 
compact  masses.  The  sun  met  us  here  with  extraordinary 
power;  the  heat  relapsed  my  muscles,  but  when  Cairiy 
immersed  in  the  shadow  of  the  Dome  du  Gouti,  the  cooloeM 
restored  my  strength,  which  augmented  as  the  ereuing 
advanced.  8imoud  insisted  on  the  necessity  of  haste,  to 
save  us  from  the  perils  of  darkness.  "  On  pewt  perir  "  wa» 
his  re{>eated  admonition,  and  he  was  quite  right.  Wa 
reached  the  region  oipmiU,  more  weary,  but,  in  compensa- 
tion, more  callous,  than  we  had  been  in  the  morning,  and 
moved  over  the  soft  snow  of  the  bridges  as  if  we  had  hwsa 
walking  u|>on  eggs.  The  valley  of  Chamouni  was  filled  wftfa- 
brown-red  clouds,  which  crept  towards  us  up  the  mountain ; 
the  air  around  and  above  us  was,  however,  clear,  and  the 
chastened  light  told  us  that  day  was  departing.  Once  iiS'< 
we  hung  upon  a  steep  slope,  where  the  anow  was  exoe«(l- ; 
ingly  soft.  Hirst  omitted  to  make  his  footing  sure ;  tho  soft 
mass  gave  way,  and  he  fell,  uttering  a  startled  shout  ae  ha 
I  went  down  the  declivity.  I  was  attached  to  him,  and,  fixing 
my  feet  suddenly  in  the  snow,  endeavoured  to  check  bis 
fall,  but  I  seemed  a  mere  feather  in  opposition  to  tlie  force 
with  wliich  he  descended.*  I  fell,  and  went  down  after  htm ; 
and  we  carried  quito  an  avalanche  of  snow  along  with  ns, 
*  1  bt.ili«vi>  that  I  could  slop  Mm  no*  (1800). 
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i  wlitcb  we  were  almost  oompletoly  hiddea  &t  the  bottom 
r  the  (dope.  All  further  dangers,  however,  were  soon 
I,  uid  we  went  at  a  headlong  spiied  to  the  base  of  the 
ind  Malets ;  the  sound  of  onr  batons  against  the  rocks 
!;  Huxley  forth,  A  position  more  desolate  than  his 
I  been  can  hardly  be  imagined.  For  seventeen  hours 
Jib  h»id  been  there.  He  had  expected  na  at  two  o'clock  in 
tfaeatVmoon;  the  houra  came  and  poas'.id,  and  till  seven 

Kflie  evening  be  hail  looked  for  us.     "  To  the  end  of  my 
,"  he  said,  "  I  shall  never  forget  the  sound  of  those 
ons."     It  was  his  turn  now  to  nurse  me,  which  he  did, 
Pepayinf!;  my  pre^-ious  care  of  him  with  high  interest.     We 
wi-ro  (ill  soon  stretched,  and,  in  spite  of  cold  and  hard 
^^bowd*.  I  slept  at  intervals ;  but  the  night,  on  tlie  whole, 
HM|H  B  wi>-ary  om<,  and  ve  rose  next  morning  with  muscles 
^Kb^  tired  than  when  we  lay  down. 

^K  JW(2eyr,  Hth  Auffiut. — Hirst  waa  almost  blind  this  mom- 
^^HjJ;  and  our  guide's  eyes  were  also  greatly  indamed. 
H^t  gMllL-Ted  our  things  together,  and  bade  the  Grands 
"^tolet*  farewell.  It  had  frozen  hard  during  the  night, 
and  this,  on  the  steeper  slopes,  rendered  the  footing  very 
insecure.  Simond,  moreover,  appeared  to  bo  a  little  bewil- 
dered, and  I  sometimes  precede4  him  in  cutting  the 
etepi^  while  Hirst  moved  among  the  crevasses  like  a  blind 
ouui ;  one  of  iis  keeping  near  him,  so  that  he  might  feel  for 
ttw  ACtOftl  places  where  our  feet  hod  rested,  and  place  his  own 
in  the  oune  position.  It  cost  us  three  hour^  to  cross  from 
tlie  Grands  Mulets  to  the  Pierre  TEchelle,  wliere  we  dis- 
catdod  oar  le^ngs,  had  a  mouthful  of  food,  aud  u  brief 
raat  Once  upon  the  safe  earth  Simond'a  powers  seemed  to 
bo  iMtond,  and  he  led  us  swiftly  downwards  to  the  little 
aabai^  bemde  the  Cascade  du  Tard,  where  wo  had  some 
ijxcvUent  lemonade^  equally  choice  cognac,  fresli  straw- 
tMiliaa  and  cream.  Uow  sweet  they  were,  and  how  beau- 
tiftU  we  thought  the  peasant  girl  who  served  them  t     Our 
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giiide  tept  a  litUe  hotel,  at  wMcli  we  halted,  and  found  it 
clean  and  comfortable.  We  were,  in  fact,  totally  unfit  to 
go  elaewhere.  My  coat  was  torn,  lioles  were  Mckedi 
through  my  boots,  and  I  was  altogether  ragged  and  shabl^.- 
A  warm  batli  before  dinner  refreshed  all  mightily.  D 
clouds  now  lowered  upon  Mout  Blane,  and  we  had  not 
been  an  hour  at  Charaouni  when  tlie  breaking  up  of  the 
weather  waa  announced  by  a  thunder-peaL  We  haSi 
accomplished  our  journey  just  in  time. 


I 


(12.) 

After  our  return  we  spent  every  available  hour  upon  tfca 
ice,  working  at  questions  which  shall  be  treated  ondef 
their  proper  heads,  each  day's  work  being  wound  up  b^ 
an  evening  of  perfect  enjoyment,  Koa^  mutton  and  fiied 
l>otatoa  were  our  incessant  fare,  for  which,  after  a  littla 
longing  for  a  change  at  first,  we  contracted  a  final  and, 
permanent  love.  Aa  the  year  advanced,  moreover,  and; 
the  grass  sprouted  witli  augmented  vigour  on  the  slopes  o 
tlie  Montanvert,  tlie  mutton,  aa  predicted  by  our  hos^' 
became  more  tender  and  juicy.  We  had  also  some  capital 
Sallenches  beer,  cold  as  the  glneier  water,  but  offer 
as  champagne.  Such  were  our  food  and  drink.  After  d 
ner  we  gathered  round  the  pine-fire,  and  I  can  hardly  tbtnlf 
it  possible  for  tliree  meo  to  be  more  happy  ttian  we  thet 
were.  It  was  not  the  goodness  of  the  conversation,  uor  & 
high  intellectual  element,  which  gave  the  charm  to  ont 
gatherings ;  the  gladness  grew  naturally  out  of  our  o^ 
perfect  health,  and  out  of  the  circumstances  o 
tion.  Every  fibre  seemed  a  repository  of  latent  joy,  wlucll 
the  slightest  stimulus  sufficed  to  bring  into  conscious  a 

On  the   17th  1  penetrated  with  Simond  tlirongh  thid 
gloom  to  the  Tacul ;  on  the  ISth  we  set  stakes  at  the  a 
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:  on  Uie  same  day,  vhile  croseing  the  medl&l  morame 
b^tlte  Talilfre,  a  little  below  the  cascade,  a  singular  noiee 
I  my  attention;  it  seemed  at  first  as  if  a  snake 
B  hissing  about  my  feet.     On  cLanging  my  position  the 
!  saddeuly  ceased,  bat  it  soon  recommenced.     There 
I  Bomu  suow  upon  the  glacier,  which  I  removed,  and 
[Jaced   my   ear   close   to   the    ice,   but   it  waa   difficult 
to  fix  C7U  the  precise  spot  from  which  the  sound  issued. 
I  cut  away  the  disintegrated  portion  of  the  surface,  and 
at   length   discovered   a   minute    crack,    from    which    a 
llrcaiii  of  air  issued,  which  I  could  feel  as  a  cold  blast 
ag&iuet  my  hand.     While  cutting  away  tlie  siirl'ace  fur- 
ther, I  stopped  tlie  little  "  blower,"     A  marmot  screamed 
near   me.   and  while  1  paused   to  look  at  the   creature 
scampering  up  the   crags,  the  sound  commenced  again, 
(jmnging  its  note  variously — hissing  like  a  snake,  sing- 
ing Uk«  a  kettle,  and  sometimes  chirruping  intermittently 
tike   a   bird.      On  passing  my  fingers  to   and  fro   over 
the  cra<^k,  I  obtained  a  succession  of  audible  pnfis ;  the 
oiiTent  was  sufficiently  strong  to  blow  away  the  comer  of 
my  gkoze  veil  when  held  over  the  fissure.     Still  the  crack 
WHO  not  wide  enough  to  permit  of  the  entrance  of  my 
^^figftr  luiil ;  and  to  issue  with  such  force  from  so  minute  a 
^^blt  tlie  )ur  must  have  been  under  considerable  pressure. 
^^^0  origin  of  the  blower  was  in  all  probability  tlie  follow- 
^Tlg :— When  the  ice  ia  recompacted  after  ha\'ing  descended 
K  casciule,  it  is  next  to  certain  that  chambers  of  air  will  bo 
liero  and  there  enclosed,  which,  being  powerfully  squeezed 
^nriterwards,  will  isxue  in  the  manner  described  whenever  a 
Hbdc  in  the  ico  furnishes  it  with  a  means  of  escape.     lu 
^Hpf  experiments  on   flowing   mud,  for  example,  the   air 
onlisppod  in  the  mass  wliile  descending  fi^m  the  eluiee 
into  thL'  trough,  bursts  in  bubbles  from   the   surface  at 
•  riiort  dti>lance  downwards. 

[aftuni'imls  examined  the  Tal&fre  cascade  from  summit 
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to  baee,  with  reference  to  the  structure,  until  at  the  cloM 
of  the  day  thickening  clouds  warned  me  off,  1  went  down 
the  glacier  at  a  trot,  guided  by  the  bonldere  capped  with 
little  cairns  whi(;h  marked  the  route.  The  track  which  I 
bad  pursued  for  the  last  five  weeks  amid  the  crevasses  Deal 
I'Angle  was  this  day  barely  passable.  The  glacier  hod 
chauged,  my  work  was  drawing  to  a  close,  and,  as  I  looked 
at  the  objects  which  bad  now  becom,e  so  familiar  to  m^ 
I  folt  that,  though  not  viscous,  the  ice  did  not  lack  the 
(quality  of  "adhesiveness,"  and  I  felt  a  little  sad  at  tbe 
thought  of  bidding  it  so  soon  farewell. 

At  some  distance  below  the  Montanvert  the  Mar  da 
Glace  is  riven  from  side  to  side  by  transverse  crev: 
these  fissures  indicate  that  the  glacier  where  they  occur  ig 
iu  a  state  of  longitudinal  stram  which  produces  trausrena 
fracture.  I  wished  to  ascertain  the  amount  of  stretch 
ing  which  the  glacier  here  demanded,  and  which  tfaa 
ice  was  not  able  to  give ;  and  for  this  purpose  desired  to 
compare  the  velocity  of  a  line  set  out  across  the  fiaeu; 
portion  with  that  of  a  second  line  staked  out  across  the 
before  it  bad  become  thus  fissured.  A  previous  inspection  of 
the  glacier  through  the  telescope  of  our  theodolite  induced' 
us  to  fix  on  a  jilace  which,  though  mudi  riven,  still  did  not 
exclude  the  hope  of  our  being  able  to  reach  the  otlier  sidew 
Each  of  US  was,  as  usual,  armed  with  his  own  a 
carrying  with  us  suitable  stakes,  my  guide  and  m; 
entered  upon  this  portion  of  the  glacier  on  the  mominiF 
of  the  19th  of  August.  i 

I  was  surprised  on  entering  to  find  some  veins  of  whittti 
ice,  which  from  their  position  and  a^)ect  appeared  Un 
be  derived  from  the  Glacier  du  G^ant;  but  to  these  I  ihalt' 
subsequently  refer.  Our  work  was  extremely  difficttlt ; 
we  penetrated  lo  some  distance  along  one  line,  but 
were  finally  forced  back,  and  compelled  to  try  another. 
Kiglit   and   left  of  us   were  profound  fissures,  and  oucu 
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Hnaone  of  ice  forty  foet  liigli  leaued  quite  over  our  track. 

^^U  &oat  of  Ufj  waa  a  second  leaning  mass   boroe  by  a 

mer*"  etslk,  and  bo  toplieavy  that  one  wondered  why  tlie 

alight  [iedestul  on  which  it  rested  did  not  enddenly  crack 

acruaa.     We  worked  slowly  forwardu,  and  eooii  found  our- 

BelviM*  in  the  shadow  of  the  topheavy  inasa  above  referred 

to;   and   from  which  I  escaped  with   a  wounded  hand, 

.  .  oCVised  by   over-haste.      Simond    surmounted    the    next 

b^Mge  and  exclaimed,  "  Noja  nota  trouverons  perdu* .'"     I 

HHlKhed  bis  eid^,  and  on  looking  round  the  place  saw  that 

■  •■ftere  WM  no  footing  for  man.     The  glacier  here,  as  shown 

in  the  frontispiece,  was  cut  up  into  thin  wedges,  separated 

&um  each  other  by  profound  chosniB,  and  the  wedges  were 

H<4D  brukua  across  aa  to  render  creeping  along  their  edge^ 

^M|)lte   impossible.     Thus   brought  to  a  stand,  I  fixed  a 

^Bftlke  at  the  point  where    we   were  forced  to  halt,  and 

Ittrvatod  along  edges  of  detestable  granular  ice,  which  fell 

in  showers  into  the  crevasses  when  struck  by  the  axe.     At 

one  place  an  exceedingly  deep  fissure   was  at  our  left, 

^vllicb  WBH  joined,  at  a  sharp  angle,  by  another  at  our 

^t,  and  we  were  compelled  to  cross  at  the  place  of 

wtion:   to  do  this  we  had  to  trust  ourselves  t«  a 

projecting  knob  of  that  vile  rotten  ice  which  I  had  learned 

to  fear  since  my  experience  of  it  on  the  Col  du  Geant. 

Wo  GnoUy  escaped,  and  set  out  our  lino  at  another  place, 

where  the  glacier,  though  badly  cut,  was  not  impassable. 

On  the  20f,h  we  made  a  aeries  of  final  measurements  at 
the  ToRul,  and  detenoined  the  motion  of  two  lines  which 
wc  had  act  out  upon  the  previous  day.  On  the  2lBt  we 
quitted  thi?  Sloutanvert ;  I  had  been  there  from  the  loth 
of  July,  and  the  longer  I  remained  the  better  I  lihed  the 
establishniont  and  tlie  people  connected  with  it.  It  was 
thfiD  managed  by  Joseph  Tairraz  and  Jules  Charlet,  both 
of  whom  showed  us  every  attention.  In  1858  and  1859  I 
had  occaskio  to  ro'iait  the  establishmeiit,  which  was  then 
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managed  by  Jules  and  his  brother,  and  found  in  it  tils' 
same  good  qualities.      During  my  winter  expedition 
185!)  I  also  found  the  same  readiness  to  assist  me  io  every^ 
possible  way ;  honest  Jules  expressing  his  willingness 
ascend  through  the  snow  to  tho  anbei^  if  I  thought  I 
presence  would  in  any  degree  contribute  to  my  comfort. 

We  crossed  the  glacier,  and  descended  by  the  Chapeani 
to  the  Cascade  dea  Bois.  the  inclination  of  which  and  rf 
the  lower  portion  of  the  glacier  we  then  determined.  Tho 
day  was  magnificent.  Looking  upwards,  the  AigiiilleB  de 
Charmoz  and  du  Dm  rose  right,  and  left  like  sentiuels  of 
the  valley,  while  in  front  of  us  the  ice  descended  the  steep, 
a  bewildering  mass  of  crags  and  chasms.  At  the  other 
aide  was  the  pine-clad  slope  of  the  Montanvert  Furthra 
on  the  Aiguille  du  Midi  threw  its  granite  pyramid  betweea 
us  and  Mont  Blanc ;  on  the  D6me  du  Goute  the  aeraet  d 
the  mountain  were  to  be  seen,  while  issuing  as  if  &om  & 
cleft  in  the  monntaui  side  the  Glacier  dee  Bossoua  thrust 
through  the  block  pines  its  snowy  tongue.  .,  Below  us 
the  beautiful  valley  of  Chamouni  itself,  through  which 
the  Arve  and  Arveirou  ruslied  like  enlivening  spirits.  W* 
finally  examined  a  grand  old  moraine  produced  by  a  Met 
de  Glace  of  other  ages,  when  the  ice  quite  eroseed 
valley  of  Chamouni  and  abutted  against  the  opposite  monn* 
tain-wall. 

Simond  had  proved  himself  a  very  valuable  assistant 
he  was  intelligent  and  perfectly  truatworthy ;  and  thou^ 
tlie  peculiar  nature  of  my  work  sometimes  caused  mi 
to  attempt  things  against  which  his  prudence  protested,  hfl 
lacked  neithiT  strength  nor  couiage.  On  reacliing  Ch* 
mouni  and  adding  up  our  accounts,  I  found  tliat  1  had  u 
sufficient  cash  to  pay  him ;  money  was  wailing  for  me  t 
the  post-oifice  in  Geneva,  and  thither  it  was  amiugcd  tin 
my  friend  Hirst  should  pnx-eed  upxt  morning,  while  1  wi 
to  await  the  arrival  of  the  money  at  Chamouni.    My  guidi 
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heard  of  this  arrangement,  and  divined  its  cause :  he  came 
to  me,  and  in  the  most  affectionate  manner  begged  of  me 
to  accept  firom  him  the  loan  of  500  francs.  Though  I  did 
not  need  the  loan,  the  mode  in  which  it  was  offered  to 
me  augmented  the  kindly  feelings  which  I  had  long  enter- 
tained towards  Simond,  and  I  may  add  that  my  intercourse 
with  him  since  has  served  merely  to  confirm  my  first 
estimate  of  his  worthiness. 


DOUBTS  BEGABDDiQ  8TEVCTUEE. 


EXPEDITION'  OF  1838. 
(13.) 

I  HAD  confined  myself  during  the  Bummer  of  1857  to  the 
Mer  de  Glace  and  its  tributaries,  desirous  to  make  my 
knowledge  accurate  rather  than  extensive.  I  hud  made 
the  acqwamtanco  of  all  accessible  parts  of  the  glacier,  and 
spared  no  pains  to  master  both  the  details  and  the  meaning 
of  the  laminated  structure  of  the  ice,  but  I  found  no  fact 
upon  which  I  could  take  my  stand  and  say  to  an  advocato 
of  an  opposing  theory,  "  This  is  unassailable."  In  eXpeii" 
mental  science  we  have  usually  the  power  of  changing  the 
conditions  at  pleasure ;  if  Nature  does  not  reply  to  a  qoefr 
tion  we  throw  it  into  another  form ;  a  combining  of  cont 
tiona  is,  in  fact,  the  e^ence  of  experiment.  To  meet  the 
requirements  of  the  present  question,  I  could  not  twist 
same  glacier  into  various  shapes,  and  throw  it  into  diETorenl 
Btatee  of  strain  and  pressure ;  but  I  might,  by  visiting 
many  glaciers,  find  all  needful  conditions  ful^led  in  dutail, 
and  by  observing  these  I  hoped  to  coul'er  upon  the  subject 
the  character  and  predsion  of  a  true  experimental  iuqiiirm 
The  summer  of  1858  was  accordingly  devoted  to  thi 
purpose,  when  I  had  the  good  fortune  to  he  accomi«niai 
by  Professor  Ramsay,  the  author  of  some  extremely 
terestmg  papers  upon  ancient  glaciers.  Taking  Ziirieli 
ochaffhausen,  and  Lucerne  in  oitr  way,  we  urumed 
BriJnig  on  the  22nd  of  July,  and  met  my  guide,  Chrii 
Laiiener,  at  Meyringeo.  On  the  23rd  we  visitwd 
glacier  of  Kosenlaui,  and  the  glacier  of  the  Schwa 
wald.  and  reached  Qrindelwald  in  the  evening  of  tim  m 
day.  My  exiwditiori  with  Mr.  Huxley  had  tanglit 
that  the  Lower  Grindelwald  Glacier  was  exlreraelv 
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sbucdre,  and  I  wa?  anxious  to  see  mtmy  parte  of  it  once 
more ;  lhi»  I  did,  in  company  with  Ramsay,  and  we  also 
Hptfot  a  day  upon  the  upper  glacier,  after  which  our  path 
lay  OYcr  the  Sirahleck  to  the  gluciere  of  the  Aar  and  of 
the  Klioiie. 


PASSAGE  OF  THE  STHAHLECK. 

(14.) 

Oh  HondAT,  the  26th  of  July,  we  were  called  at  4  A.H., 
and  found  the  weather  very  unpromising,  but  the  two 
mornitigB  which  preceded  it  had  also  been  threatening 
wilhont  any  evil  result.  There  was,  it  k  true,  Hometbing 
mure  than  usually  hostile  in  ihe  as[>eet  of  the  clouds 
which  sailed  sullenly  from  the  weut,  and  smeared  the  ail 
and  niduntains  as  if  with  the  dirty  emoke  of  a  manu&c- 
toring  town.  We  despatched  our  coffee,  went  down  to  the 
liotttiui  of  the  Grindelwftld  valley,  up  the  opposite  slope, 
and  worc^  man  amid  the  gloom  of  the  pines  which  partially 
poTKr  it.  On  emerging  from  these,  a  watery  gleam  on 
the  mottJcd  head  of  the  Eigerwaa  the  only  evidence  of 
dirart  Minlight  in  that  direction.  To  our  left  was  the 
Htftterboim    surronnded   by  wild  and    disorderly  clouds, 

I  tiie  fissures  of  which  the  morning  light  glared 
[ely.  For  a  time  the  Heisse  I'latte  was  seen,  a  dark 
1  patch  amid  the  ghastly  bine  which  overspread  the 
mditig  slopes  of  anow.   The  clouds  once  rolled  up,  and 

i  for  a  moment  the  summits  of  tlie  Viescherhomer ; 
hat  tboy  immediately  settled  dotvn  again,  and  hid  the 
ucMintatttf  from  top  tii  base.  Soon  afterwards  they  drew 
ifaenuelvefi  partially  aside,  and  a  patch  of  blue  over  the 
Stnhlvck  guTu  us  hope  and  pleasure.  As  we  ascended,  the 
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Cissa 


prospect  in  front  of  m  grew  better,  but  that  behind  m — : 
and  the  wind  came  from  behind — grew  worse.  Slowly  and 
stealthily  the  dense  neutraJ-tint  massea  crept  along  thg 
Bides  of  the  luouniains,  and  seemed  to  dog  vn  like  epies  i 
while  over  the  glaoier  hung  a  thin  veil  of  fog,  through  vrhioli 
gleamed  the  whit^  minarets  of  the  ice. 

A\Tien  we  first  sjwke  of  crosaing  the  Btrahleck,  LaaeneV 
said  it  would  be  necessary  to  take  two  guides  at  leoxt ;  but 
after  a  day's  performance  on  the  ico  he  thought  we  might 
manage  very  well  hy  taking,  in  addition  to  himself  tba 
herd  of  the  alp,  over  the  more  difficult  part  of  the  paao. 
He  hat!  further  experience  of  us  on  the  second  day, 
and  now,  as  we  approached  the  herd's  hut,  I  was  tunoBbd 
to  hear  him  say  that  he  thought  any  assistance  beside  hil| 
own  unnecessary.  Relying  upon  ourselves,  therefore,  we 
continued  our  route,  and  were  soon  upon  the  glacier,  whick' 
liad  been  rendered  smooth  and  slippery  through  the 
moval  of  its  disintegrated  surface  by  the  warm  air.  CroeB* 
ing  the  Srahleck  branch  of  the  glacier  to  its  left  side,  W8 
climbed  the  rocks  to  the  grass  and  flowers  which  clothe  th« 
slopes  above  them.  Our  way  some  tunes  lay  over  these, 
times  along  the  beds  of  streams,  across  turbulent  brooks 
and  once  around  the  face  of  a  cliff,  which  afforded  oft 
about  an  inch  of  lodge  to  stand  upon,  and  some  protrad* 
ing  splinters  to  lay  hold  of  by  the  hands.  Having  reached 
a  promontory  which  commanded  a  fine  view  of  thi 
and  of  the  ice  cascade  by  wldch  it  was  fed,  I  halted,  to 
check  the  observations  already  made  from  the  sijy  of  the 
opposite  mountain.  Here,  as  there,  cliffy  ridgea  Wl•^^  man 
crossing  the  cascade  of  the  glacier,  with  interiwsed 
of  dirt  and  debris — the  former  being  toned  down,  and 
latter  aqnecKed  towards  the  base  of  the  fall,  until  liiiall]^ 
the  ridges  swept  at-ross  the  glacier,  in  gentle  swellmgs, 
side  to  aide  ;  wlule  the  valleys  between  them,  holding  tliJ 
principal  share  of  the  superiieiai   impurity,  formed 
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cisdlcs  of  tbe  so-caUed  Dirt-Bands.  These  swept  con- 
centric witli  the  protuberances  across  the  glacier,  and 
remauied  upon  its  surioce  oren  after  the  swellings  had 
(LKttpiH-ar(>il  The  swii'ter  flow  of  the  centre  of  the  glacier 
Ivu<io  of  coarse  incessantly  to  lengthen  the  loops  of  the 
buniU,  and  to  tlinist  the  summits  of  the  curves  which  they 
form  more  and  more  in  advance  of  their  lateral  portions. 
Thi»  depressions  between  the  protuberances  appeared  to 
be  furrowed  by  minor  wrinkles,  as  if  the  ice  of  the  depres- 
sions liad  yielded  more  than  that  of  the  protuberances. 
This,  I  think,  is  extremely  probable,  though  it  has  never 
yet  been  proved.  Three  stakes,  placed,  one  on  the  summit, 
another  on  tlie  frontal  slope,  and  another  at  the  base  of  a 
protnberwice,  would,  I  think,  move  witli  unequal  velocities. 
Thoy  would,  I  think,  shew  that,  upon  the  large  and  gene- 
ral motion  of  the  glacier,  smaller  motions  are  superposed, 
UH  minor  oscillations  are  known  to  cover  parasitically  the 
largo  ones  of  a  ^-ibratiiig  string.  Possibly,  also,  the  dirt- 
Unds  may  owe  something  to  the  squeezing  of  impuri- 
ties out  of  the  glacier  to  its  surface  in  the  inten-als 
between  the  ewelUngs.  From  our  present  position  we 
ooold  also  see  the  swellings  on  the  Viescherhorner  branch 
<if  tbe  glacier,  in  tbe  valleys  between  which  coarse  shingle 
tod  ddbriit  were  collected,  which  would  form  dirt-bands  if 
Ibey  could.  On  neither  branch,  however,  do  tbe  bands 
I  the  definition  and  beauty  which  they  possess  upon 
I^Mcr  de  Glace, 

ler  an  instructive  lesson  we  faced  our  task  ouce  more. 

If  amid  crags  and  boulders,  and  over  steep  moraines, 

n  which  tbe  stones  rolled  down  upon  tbe  slightest  dis- 

Wliile  crossing  a  slope  of  snow  with  an  inclina- 

Bof  45^,  my  footing  gave  way,  I  fell,  but  turned  pr-imptly 

laf  fttCe,  dug  my  staH'  deeply  into  tbe  snow,  and  arrested 

motion   before  I  had  slid   a  dozen  yiirds.      Kamsay 

I  behind  me,  speculating  whether  he  should  be  able  to 
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pasB  tlie  Bame  point  without  slipping ;  liofore  he  reached 
it,  however,  the  snow  yielded,  he  fell,  and  slid  swiftly 
downwards.  Lauener,  whose  attention  had  been  aronsed 
Ijy  my  fall,  chanced  to  be  looking  round  when  Ramsay's 
footing  yielded.  With  the  velocity  of  a  projectile  he  threw 
himself  upon  my  companion,  seized  him,  and  brought 
to  rest  before  he  had  reached  the  bottom  of  the  slope.  Tha 
act  made  a  very  favourable  impression  upon  roe,  it  was  bo 
prompt  and  instinctive.  An  eagle  could  not  swoop  upon  il 
prey  with  more  threctness  of  aim  and  swiftnoss  of  execution.; 

While  this  went  on  the  clouds  were   playing  hide  ai 

seek  with  tlie  mountains.   The  ice-crags  and  pinnacles  to  01 

left,  looming  through  the  haze,  seemed  of  gigantic  propoi> 

tious,  reminding  one  of  tlie  Hades  of  Byron's  '  Cain.' 

"  Huw  Boiilesa  and  how  vast  mo  tbeui  dim  reiUmj  I" 

W^e  climbed  for  some  time  along  the  moraine  whici 
flanks  the  cascade,  and  on  reaching  the  level  of  tha  broW 
I  Lauener  paused,  cast  off  his  knapsack,  and  declared  fcHf 
breakfast.  While  engaged  with  it  the  dense  clouds  wl 
had  oraramed  the  gorge  and  obscured  the  mountains, 
melted  away,  and  a  scene  of  indescribable  magnificenc4f 
was  revealed.  Ovcrhfad  the  sky  suddenly  deepened  to 
dark  bine,  and  against  it  the  Finsteraarhom  projected  hii 
dark  and  mighty  mass.  Brown  spurs  jntt«d  from  ^1 
mountain,  and  between  them  were  precijtitous  snow*€lopea 
fluted  by  the  descent  of  rocks  and  avalanches,  and  broken 
into  ice-precipices  lower  down,  llight  in  front  of  us,  ant 
from  its  proximity  more  gigantic  to  the  eye,  was  th< 
Shreckhorn,  while  from  couloirs  and  mouutain^lopei 
tJie  matter  of  glaciers  yet  to  be  -was  poured  into  th< 
vast  basin  on  the  rim  of  which  we  now  stood. 

Tliis  it  was  next  our  object  to  cross ;  our  way  lyioj 
in  part  through  deep  snow-slush,  'tlio  scene  changing 
perpetually  from  bine  heaven  to  gray  haze  which  auasecl 
t    inten-ahi   in  dense   clouds    about    the    tnoun* 
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■ins.     After  crossing  the  bnsin   our  way  lay  partly  ort 
lopes   of  8UOW,  partly  over  loose  shingle,  auj  at  one  pla( 
long  tlw  edge  ot'  a  fonniJuLile  precipice  of  roek.     We  b 
own  snmetiLQes  to  n^st,  nud  during  these  ]iaiise9,  thouj 
bey  were  very  brief,  the  scene  had  time  to  go  throuf 
stvm]  nf  its  Protean  mutations.   At  one  moment  all  n 
©perfectly  sorene,  no  cloud  in  the  transparent  air  to  b 
»  that  any  portion  of  it  was  in  motion,  while  the  I 
leavpn  throw  He  flattened  arch  over  the  magnificent  atn- 
iliithpatrc     Then  in  an  instant,  fVom  some  lucul  muldron, 
ho  vajxtnr  would  boil  up  suddenly,  eddying  wildly  in  the 
ir,  which  a  moment  before  seemed  so  still,  and  envelop- 
ag  the  entire  scene.     Thus  the  space  enclosed  hy  the 
^iastentarbom,  the  Viescherhomer,  and  the  Slireckhoni 
routd  at  one  moment  be  fiUed  with  fog  to  the  mounta 
luds,  every  trace  of  which  a  few  minutes  sufBccd  to  swec 
way,  leaving  the  unstained   blue  of  hoaveu   behind  i 
ad   the   mountains  showing  sharp   and  jagged  outl 
A  die  glassy  air.    One  nught  be  almost  led  to  imagia 
bat   the   vapour  molecules  endured  a  strain  similar  to~ 
Ival  of  water  coole<l  below  its  freezing  point,  or  heated 
eyoud  ita  boiling  point ;  and  that,  on  the  strain  being  re- 
med  by  the  sudden  yielding  of  the  opposing  force,  1 
Utictefl  rushed  together,  and  thus  filled  in  an  instant  ti 

i atmosphere  with  aqueous  precipitation, 
kd  DO  iiica  that  the  t^trahleck  was  so  fine  a  pass. 
per  it  is  the  quality  of  my  mind  Ui  take  in  the  glory 
p<{Uf«eQt  BO  intensely  as  to  make  me  forgetful  of  the 
of  the  past,  I  know  not,  but  it  ap]ieared  1o  mo  t 
Rd  never  seen  anything  finer  than  the  scene  from  t 
nnmit.  The  amphitheatre  formed  hy  the  UMUiitaii 
Mmed  to  me  of  exceeding  maguificenco  ;  nor  do  I  think 
bit  my  feeling  wa^  subjective  merely ;  for  the  simple 


of   tho 


I  which  built  up  the  spectacle 


J  HUfBcteiit  to  declare  its  grandcm-.    Looking  dowi 


U8  DESCENT  OF  THE  CRAGa 

towards  the  Gla^'ier  of  the  Aar,  a  scene  of  wild  lieautj 
and  dcBolation  presented  itself.  Not  a  trace  of  vegetatii 
could  be  seon  aloug  the  wholo  ran^  of  the  bounding 
moimtaiiiB;  glaciers  Btreaiuod  from  their  shoulden!  into 
the  valley  beneath,  where  they  welded  themselves  to  fonq 
the  Finsteraar  affluent  of  tho  Unteraar  glacier. 

After  a  brief  pause,  Laueuer  a<:raiu  strapped  on  his  knap< 
sack,  and  tempered  both  will  and  muscles  by  the  remarli^ 
that  our  worst  piece  of  work  was  now  before  ue.  From  thtf 
place  where  we  sat,  tlie  mountain  fell  precipitously  for  »evi 
ral  hundred  feet ;  and  down  the  weathered  crags,  and  ovf 
tlie  hjose  shingle  which  encumbered  their  ledges,  oop  poat 
now  lay.  Lauener  was  in  front,  cool  and  collected,  leadinf| 
at  times  a  hand  to  Ilamsay,  and  a  word  <^  encoiuagemenl 
to  both  of  us,  while  I  brought  up  the  rear.  I  found  my 
fiill  haversack  so  inconvenient  that  I  once  or  twice  thou^it 
of  sending  it  down  the  crags  in  advance  of  mc,  but 
Lauener  assured  me  that  it  would  be  utterly  destroyed 
beforn  reaching  tlio  bottom.  My  complaint  against  it  was, 
that  at  critical  places  it  sometimes  came  between  me  and 
the  face  of  the  cliff,  pushing  me  away  from  the  latter  so 
as  to  throw  my  centre  uf  gravity  almost  beyond  the  haae 
intended  to  support  it.  We  came  at  length  upon  a  snow- 
slope,  which  had  for  a  timo  on  inclination  of  50° ;  then 
once  more  to  the  rocks  ;  again  to  the  snow,  which  waa  botl 
steep  and  deep.  Our  batons  were  at  least  six  feet  long  i 
we  drove  them  into  tho  snow  to  secure  an  anohomge 
but  they  sank  to  their  very  ends,  and  we  merely  retained' 
a  length  of  them  sufficient  for  a  graaii.  Tliia  slope 
intersected  by  a  so-called  Bergschnmd,  tho  lower  portion 

I  of  the  slope  being  torn  away  from  its  upper  portion  60  o* 
to  form  a  crevasse  that  extended  qnito  round  tlie  bead  all 

I  the  valley.     We  reached  its  upper  edge ;  the  cbasm  wnfl 
[iiirtially  tilled  with  i^now,  wluch  brought  itit  Lodges  au  Doul 

[  tJinl  wr  cleared  it  by  a  jump.     The  rest  of  the  dayo  irtt 
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dMcendod  by  a  gliatade.  EacU  sat  down  upon  the  anuw. 
and  the  motion,  ouce  commenced,  swii'tly  augmented  to 
tha  rate  of  an  ttvaltmcbe,  and  brought  us  pleasantly  tu 
tha  bottom. 

An  we  looked  from  the  heights,  wi>  pould  see  that  the 
Tnlley  tJimugh  which  our  route  lay  was  filled  with  gray  fog : 
tato  this  we  soon  plunged,  and  through  it  we  made  our  way 
towards  the  Abachwiing.  The  inclination  of  the  glacier 
ma  our  only  guide,  for  we  could  sco  nothing.  ReaciuLg 
thfs  confluence  of  thit  Finst^raar  and  Lauteraar  brancheii, 
«e  went  downwards  with  long  swinging  strides,  close 
■loDgside  the  meditd  morauie  of  the  trunk  glacier.  The 
mlonr  of  the  morning  had  it«  cheek  in  the  dull  gloom  of 
llie  evening,  Actobb  streams,  amid  dirt-cones  and  glacier- 
tait]^9,  ttiid  over  the  loug  reach  of  shingle  which  covers 
tJit!  end  of  the  glacier,  we  plodded  doggedly,  and  reached 
the  GriiQW^l  at  7  p.m.,  the  journey  havmg  cost  a  little  more 
IhtQ  14  bourii. 


(13.) 

\V(!  mwlo  the  Grimsel  our  station  for  a  day,  which  was 
spent  in  osamining  the  evidenct's  of  ancient  glacier  action 
in  the  valley  of  Hasli.  Near  the  Hospice,  but  at  the 
opposite  side  of  the  Aar,  rises  a  mountaiu-wall  of  hard 
graiiiti-,  on  which  the  ilutings  and  groovings  are  magiii- 
flceotljr  pruaervefL  After  a  little  practice  the  t-ye  can 
trace  with  the  utmost  precision  the  Una  which  markt> 
the  level  of  the  ancient  ice ;  above  this  the  crags  are 
■harp  and  ragged  ;  while  below  it  the  mighty  grinder  has 
rabb^  otf  Uie  pinnacles  of  the  rocks  and  worn  thiir  edges 
away.  ITie  height  to  which  this  action  extends  must  be 
ne«r]y  two  Uiouaand  feet  above  the  bed  of  the  present 
roUuy.  It  ia  also  easy  to  see  ihe  depth  to  which  the  river 
F  2 


!l)0 


ANCIENT  OLACCEH  ACTION. 


has  worked  ite  cKtmnel  into  the  aneient  rocks.    In  soi 
cases  the  road  from  Guttanen  to  the  Grimsel  lay  ri 
over  the  polished  rocks,  asperities  being  supplied  by 
chUol  of  man  in  order  to  prevent  travellors  from  slippi 
on  their  slopes.     Here  and  there  also  huge  protubei 
crags  were  rounded  into  domes  almost  as  perfect  as  if 
chiselled  by  art.     To  both  my  companion  and  mj'self  thii 
walk  was  fuU  of  instruction  and  deUght. 

On  the  28th  of  July  we  crossed  the  Grimsel  pass,  and 
traced  the  scratchinga  to  the  very  top  of  it,  Ramsay, 
remarked  that  tlieir  direction  changed  high  np  the  paaih 
aa  if  a  tributary  from  the  summit  bad  produced  iheat, 
while  lower  down  they  merged  into  the  general  direo 
tiou  of  the  glacier  wluch  hud  filled  the  principal  vallejM 
From  the  summit  of  the  Mayenwand  we  had  a  clear  Tien 
of  the  glacier  of  the  Rhone ;  and  to  see  the  lower  portioA] 
of  this  glacier  to  advantage  no  better  position  can  b* 
chosen.  The  dislocation  of  its  ca8cfl.de,  the  spreading  oat 
of  the  ice  below,  its  system  of  radial  crevasses,  and  tllO 
transverse  sweep  of  its  structural  groovings,  may  all  be 
seen.  A  few  hours  afterwanls  we  were  amid  the  wild 
cljasma  at  the  brow  of  the  ice-faU,  where  wo  worked  0W< 
way  to  the  centre  of  the  ice.  hut  were  unable  to  attain  thd 
opposite  side.  1 

Having  examined  the  glacier  botli  above  and  below  tlM 
cascade,  we  went  down  the  valley  to  VJescIi,  and  asoendefl 
thence,  on  the  30th  of  July,  to  ^o  H6tel  Jungfran  on  thJ 
slopes  of  the  jEggischhom.  On  the  following  day  «■ 
climbed  to  the  summit  of  the  mountain,  and  from  m 
sheltered  nook  enji^ycd  the  glorious  prospect  wliicit  fl 
commands.  The  wind  was  strong,  and  fleecy  clouds  Sefl 
over  the  hfavens;  some  of  which,  as  they  formed  aim 
dispenterl  themselves  about  the  flanks  of  the  AlelstjthoEfl 
showed  extraordinary  irideaceneea.  ■ 

The  fiimbcanis  calUt!  us  early  on  the  morning  of  the  « 
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iif  Angiist.  No  cloini  reatod  on  tlie  opposite  range  of  the 
Valaia  mountaiiiH,  but  od  looking  towards  the  .'Eggischhorn 
WD  fijoiKi  a  cap  upon  its  crest ;  we  looked  again — tlje  cap 
had  disappeared  and  a  serene  heaven  stretched  overhead. 
Afi  wo  breaiited  the  alp  the  moon  was  still  in  tha  sky, 
paling  more  and  more  before  the  advancing  day ;  a  dngle 
hawk  Mwung  in  Uie  atmosphere  abovo  us ;  clear  streums 
babbled  from  tho  hills,  the  louder  sounds  reposing  on  a 
Ihmi  of  music;  while  groups  of  cows  with  tinkling  bells 
^WMod  upoa  the  green  alp.  Here  and  there  the  gru^ 
wd.  and  the  Hanks  of  the  mountain  >v-i'rf 
1  by  the  blocks  which  had  been  caat  down  from  the 
ibit.  On  reaching  the  plateau  at  tlie  base  of  tiie  liuaJ 
aid,  no  rounded  tlie  mountain  to  the  right  and  came 
OTwr  the  lunoly  and  beautiful  Marjelen  See.  No  doubt  the 
boUuw  which  thift  laku  fills  had  been  scooped  out  in  former 
D^a  by  a  branch  of  the  jVlelsch  glacier ;  but  long  ago 
(lie  blue  ice  gave  place  to  blue  water.  The  glacier 
botmds  it  at  one  side  by  a  vertical  wall  of  ice  sixty  feet 
to  height :  this  is  incessantly  undermined,  a  roof  of  crystal 
being  formed  over  the  water,  till  at  length  the  projecting 
maun,  becoming  too  heavy  for  its  own  rigidity,  breaks  and 
tnmbleH  into  the  livke.  Here,  attacked  by  sun  and  air, 
ita  blao  surface  is  rendered  dazzlinglj  white,  and  several 
iJljterga  of  this  kind  now  floated  in  the  sutdight ;  the  water 
f  a  glassy  smoothness,  and  in  its  blue  depths  each  ice 
fcdoablvd  itself  by  reflection.* 
B  Alotscb  is  the  grandest  glacier  in  the  Alps :  over  it 
^cfl  now  »too<l,  while  the  bounding  mountains  poured  vast 
fwMlera  into  tlie  nublo  stream.  The  Jongfmu  was  in 
f  OS  without  a  cloud,  and  apparently  so  near  that  I 
I  to  my  guide  to  try  it  without  further  preparation. 
I  entiiusiuatic  at  first,  but  caution  afterwards  got  tlie 
IdUdj;  of  tiuB  cxijuliilu  lake  bos  been  [uoently  ox<!cut'?i!  lij  Mr. 
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better  of  his  courage.  At  some  distance  up  the  glacier  ihft 
raow-line  was  distinetly  drown,  and  from  ita  edge  upwardA 
the  mighty  shouldere  of  the  hilla  were  heavy  laden 
the  atill  ])owdery  materinl  of  tlie  glacier. 

Amid  blocks  and  debris  we  descended  to  the  ice  ;  th9 
portion  of  it  which  bounded  the  lake  had  been  sappedi 
and  a  space  of  a  foot  existed  between  ice  and  wateri 
numerous  obasms  were  formed  here,  tlie  mass  being  thai 
broken,  preparatory  to  being  sent  adrift  upon  the  lakef 
We  crossed  the  glacier  to  its  centre,  and  looking  down 
the  grand  peaks  of  tho  Misehabel,  the  noble  cone  of  t 
Weisshom,  iind  the  dark  and  stetm  obelisk  of  the  Matter 
horn,  formed  a  splendid  picture.  Looking  npwaids^ 
series  of  most  singularly  contorted  dirt^banda  rovealed 
themselves  upon  tlie  surface  of  the  ice.  I  sought  to  trgcfl 
them  to  their  origin,  but  was  frustrated  by  the  snow  whicb 
overspread  the  upper  portion  of  the  glacier.  Along  tli 
we  marched  for  three  hours,  and  came  at  length  to  tJ 
junction  of  the  four  tributary  valleya  which  pour  then 
frozen  streams  into  the  great  trunk  vaUoy.  The  glor^ 
of  the  day,  and  that  joy  of  heart  which  perfect  healtlj 
confers,  may  have  contributed  to  produce  the  imp^essi<n^ 
but  I  thought  I  had  never  seen  anything  to  rival  id 
magniflcenco  the  region  in  the  heart  of  which  we  now 
found  ourselves.  We  climbed  the  mountain  on  the  right- 
liand  side  of  the  glacier,  where,  seated  amid  the  riven  aud 
weather-worn  crags,  wo  fed  our  souls  for  hours  on  tha 
transcendent  beauty  of  the  scene. 

We  afterwards  redescended  to  the  glacier,  which  at  lliia 
place  was  intersected  by  large  transveisc  crcva^es,  many 
of  which  were  apparently  tilled  with  anow,  while  over 
others  a  thin  and  treacherous  roof  was  thrown.  In  eunw 
caaea  the  roof  had  broken  away,  aud  revealed  rows  of 
f  great  length  and  transparency  pendent  from 
We  at  length  turned  our  faces  homewards, 
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looking  down  the  glacier  I  saw  at  a  great  distance  something 
moving  on  the  ice.  I  first  thought  it  was  a  man,  though 
it  seemed  strange  that  a  man  should  be  there  alone.  On 
drawing  my  guide's  attention  to  it  he  at  once  pronounced 
it  to  be  a  chamois,  and  I  with  my  telescope  immediately 
▼erified  his  statement  The  creature  bounded  up  the  gla- 
cis at  intervals,  and  sometimes  the  vigour  of  its  spring 
showed  that  it  had  projected  itself  over  a  crevasse.  It 
approached  us  sometimes  at  full  gallop :  then  would  stop, 
look  toward  us,  pipe  loudly,  and  commence  its  race  once 
more.  It  evidently  made  the  reciprocal  mistake  to  my 
own,  imagining  us  to  be  of  its  ovm  kith  and  kin.  We 
aat  down  upon  the  ice  the  better  to  conceal  our  forms, 
and  to  its  whistle  our  guide  whistled  in  reply.  A  joyous 
msh  was  the  creature's  first  response  to  the  signal ;  but 
it  afterwards  began  to  doubt,  and  its  pauses  became  more 
frequent.  Its  form  at  times  was  extremely  graceful,  the 
head  erect  in  the  air,  its  apparent  uprightness  being 
augmented  by  the  curvature  which  threw  its  horns  back. 
I  watched  the  animal  through  my  glass  imtil  I  could  see 
the  glistening  of  its  eyes ;  but  soon  afterwards  it  made  a 
final  pause,  assured  itself  of  its  error,  and  flew  with  the 
speed  of  the  wind  to  its  refuge  in  the  mountains. 


ASCENT  OF  THE  FINSTEBAABHORN,  1858. 
(16.) 

Since  my  arrival  at  the  hotel  on  the  30th  of  July  I  had 
once  or  twiCA  epoken  about  ascending  the  FinsteraarhorOy 
and  on  the  2nd  of  August  my  host  advised  me  to  avul' 
myself  of  the  promising  weather.  A  guide,  named  Beonei^ 
waa  attached  to  the  hotel,  a  remarkable-looking  man,  be- 
tween 30  and  40  years  old,  of  middle  atatnre,  but  veiy 
strongly  built.  His  coimteuauee  was  frank  and  iinn,  wHla 
a  light  of  good-nature  at  times  twinkled  in  his  eye.  Alt* 
gether  the  man  gave  me  the  impression  of  physical  strengtl^ 
combined  with  decision  of  character.  The  proprietor  ha^ 
spoken  to  me  many  times  of  the  strength  and  courage 
this  man,  winding  up  his  praises  of  him  by  the  assurani 
that  if  I  were  killed  in  Beimen's  company  there  wotdd 
e  two  lives  lost,  for  that  tbe  guide  would  assuredly  sac»> 
fice  himself  uj  the  effort  to  save  his  Herr. 

He  was  called,  and  I  aaked  liim  whether  he  would  accomx 
pany  me  alone  to  the  top  of  the  Finsteraarbonu  To  this  bej 
at  first  objected,  urging  the  possibihty  of  liis  having 
render  me  aesistance,  and  the  great  amount  of  laboi 
which  this  might  entail  upon  him  ;  but  this  was  overruled 
by  my  engagmg  to  follow  where  he  led,  without  aeking  him 
to  render  me  any  help  whatever.  He  then  sgretsl  to  o 
the  trial,  stipulating,  however,  that  he  shouhi  not  hari 
much  to  carry  to  the  cave  of  the  Faull)ei^,  where  wo  weri 
to  spend  the  night.  To  this  1  cordially  agreed,  and  sent 
on  blankets,  provisions,  wooil,  and  hay,  by  two  jiorterB. 

Sly  desire,  in  part,  was  to  make  a  series  of  obscnratii 
at  the  summit  of  the  mountani,  while  a  similar  seriea  i 
made  by  Professor  Ramsay  in  the  valley  of  the  lihune,  m 
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Vieech,  with  a  view  to  aacertaining  the  permeability  of  the 
lower  stmtA  of  the  atmosphere  to  the  radiant  heat  of  tht- 
atm.  Diiriug  the  forenoon  of  the  2u(l  I  occupied  myBelf 
with  mv  instnunents.  and  made  the  proper  arrangementa 
with  llaiusay.  1  t«ati>d  a  mountain-thermometer  which 
Sir.  CtiM'lla  ha<l  kiudly  lent  me,  and  found  the  txiilin^ 
point  of  water  on  the  dining-room  table  of  the  hotel  Iai  U- 
19y^9°  Fahrenheit.  At  about  three  o'clock  in  the  after- 
Boou  we  quitted  the  hotel,  and  proceeded  leisurely  ivith 
oar  two  guides  up  the  slope  of  the  ^ggischhom.  AVe 
once  caught  a  sight  of  the  topmost  pinnacle  of  the  Fin- 
tteraarbum ;  beside  it  was  the  Rothhom,  and  near  tliiw 
again  tho  Oberaarhorn,  with  the  Viescher  glacier  atreuming 
from  its  shoulders.  On  the  opposite  side  we  conid  ai-v. 
tnrer  an  obliquo  buttress  of  the  movmtain  on  which  wu 
stood,  the  snowy  summit  of  the  Weisshom ;  to  the  k-l't  of 

twaa  the  ever  grim  and  lonely  Matterhom ;  and  farther 
the  left,  with  its  numeroua  snow-cones,  each  with 
attendant  shadow,  roao  the  mighty  Miscbabel.  We 
sendcd.  and  croased  the  stream  which  flows  from  the 
Mtiijek'ii  See,  into  which  a  large  mass  of  the  glacier  liad 
racently  fallen,  and  was  now  afloat  as  an  iceberg.  We  passed 
along  tlie  margin  of  the  lake,  and  at  the  junction  of  wat«r 
and  ice  I  bade  Kamsay  good  bye.  At  the  commencement 
erf  our  journey  njion  the  ice.  whenever  we  crossed  a  cre- 
vasse I  noticed  liennen  watching  me ;  his  vigilance,  how- 
CTOr,  8H0U  dimiuishcfl,  whence  I  gathered  that  he  finally 
coQcluded  that  I  was  able  to  take  care  of  myself.  Clouda 
hovered  in  the  atmosphere  throughout  the  whole  time  of 
our  usct'ut ;  one  smoky-ldoking  mass  marred  the  glory  of 
tiws  gunset,  hut  at  some  distance  was  another  wliich  exhi- 
bited colours  almost  as  rich  and  varied  as  those  nf  tlie 
•olor  qiwtrum.  I  took  the  glorious  banner  thus  unfurled 
.•^  a  liign  of  hope,  to  check  the  despondency  which  it*; 
f  UEiighbour  wiis  calculated  to  produce. 
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Two  hours'  walking  brought  us  near  our  place  of  rest; 
the  jKirters  bad  already  reached  tt,  and  were  now  retaining; 
We  deviated  to  the  right,  and,  having  crossed  some 
ravines,  reached  the  lateral  moraine  of  the  glacier, 
picked  our  way  between  it  and  the  adjacent  mountain-n 
We  then  reached  a  kind  of  amphitheatre,  crossed  it,  a 
climbing  the  opposite  slope,  come  to  a  triple  grotto  for 
by  clefta  in  the  mountain.  In  one  of  these  a  pine-firt^ 
vras  floon  blazing  briskly,  and  casting  its  red  light  upoa  T 
the  Hurromiding  objecta,  though  but  half  dispelling  the 
gloom  from  the  deeper  portions  of  the  cell.  I  left  th 
grotto,  and  climbed  the  ro<;ks  above  it  to  look  at  tho  heaveni 
The  sun  had  quitted  our  firmament,  but  still  tinted  HA 
cloods  with  red  and  purple ;  while  one  peak  of  s 
particular  glowed  like  fire,  so  vivid  wa3  its  illuminationi 
During  our  journey  upwards  the  Jungfrau  never  oaot 
showed  her  head,  but,  as  if  in  ill  temper,  had  wrapped  hel 
vapoury  veU  around  her.  She  now  looked  more  good- 
hnmoured,  but  still  she  did  not  quite  remove  her  hood] 
though  all  the  otlier  summits,  without  a  trace  of  cloud  td 
mask  their  beautiful  forms,  pointed  heavenward.  Th« 
calmuesa  was  perfect ;  no  sound  of  living  creature,  M 
whisper  of  a  breeze,  no  gurgle  of  water,  no  rustle  of 
d^ris,  to  break  the  deep  and  solemn  silence.  Surely,  if 
beauty  he  au  object  of  worahip,  those  glorious  mountAin^ 
with  rounded  shoulders  of  the  purest  white — sDow-crosted 
and  star-gemmed — wore  well  calculated  to  excito  e 
ments  of  adoration. 

I  returned  to  the  grotto,  where  supper  wiis  prepared  antf 
waiting  for  mo.  The  boiling-point  of  water,  at  tlio  levd 
of  the  "  kitchen"  Hoor,  I  found  to  be  lS)(t°  Fahr.  Nothing 
could  he  more  picturesque  than  the  aspect  of  the  eikv* 
before  we  went  to  rest  The  fire  was  gleaming  mddily.  I 
upon  a  stone  bench  beside  it,  while  Bennen  was  in  ttati 
the  red   light  glimmering  fitfully  over  him. 
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ing-water  apparatus,  wliich  liad  just  been  used,  was  in 
igrouiid  ;  and  telescopes,  opL-ra-glassea,  haversacks, 
;g,   bottles,  and  mattocks,   lay  confusedly  around. 
I  heavens  continued  to  grow  clearer,  the  thin  clouds, 
1  had  partially  oyerspread  the  sky,  melting  gradually 
'ITie  grotto  was   conxfortable ;   the  hay  sufficient 
Jly  to  modify  the  hardness  of  the  rock,  and  my  posi- 
■.  least  sheltered   and  warm.      One   possibility  re- 
ined that  might  prevent  me  from  sleeping — the  snoring 
f  companion ;  he  assured  me,  however,  that  be  did 
t  snoro,  and  we  lay  down  side  by  side.     The  good  fellow 
look  cure  that  I  should  not  he  chilled  ;  he  gave  me  the 
bart  place,  by  far  the  best  part  of  the  clothes,  and  may  have 
ffltflferGd   himself  in  consequence ;   but,  happily  lor  him, 
he  WHS  soon  oblivious  ol'  this.    Physiologists,  I  believe,  have 
dtscororud  that  it  is  chiefly  during  sleep  that  the  musiJes 
tre  repaired ;  and  ere  long  the  sound  I  dreaded  announced 
to  mts  ut  once  the  repair  of  Bennen's  muscles  and  tht> 
duum  of  my  own.   The  hollow  cave  roeouuded  to  the  deep- 
^^^nm  snore.     I  once  or  twice  stirred  the  sleeper,  breaking 
^^kwbj  the  continuity  uf  the  phenomenon ;   but  it  in- 
^Hfantty  pieced  itself  together  again,  and  went  on  as  before. 
^I  hod  nut  the  heart  to  wake  him,  for  I  knew  that  upon 
him  would  devolve  the  chief  labour  of  the  coming  day. 
At  half-(iast  ime  he  rose  and  prepared  coffee,  and  at  two 
o'olock  I  was  engaged  upon  the  beverage.     We  afterwanls 
paftk»l  up  our  provisions  and  instruments.     Benneu  bore 
the  fttrmer,  I  the  latter,  and  at  three  o'clock  we  set  out. 

We  first  descended  a  stoop  slope  to  the  glacier,  idong 
which  we  walked  for  a  time.  A  spur  of  tlie  Taulberg  jutted 
out  bt'twuun  us  and  the  ice-laden  valley  tlirough  which  we 
must  poM" ;  this  we  crusijcd  in  order  to  ^thorten  our  way 
and  to  avoid  crevasses.  Loose  shingle  and  boulders  over- 
laid liiu  mountain ;  and  here  and  there  walls  of  rock 
ofipOKd   our   progress,  and  rendered  the  route  for  Ironi 
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agreeable.  We  then  descended  to  the  GrUnhom  tribntaryi 
wliich  joins  the  truiik  glacier  at  nearly  a  right  angle,  being 
terminated  by  a  saddle  wliich  stretches  across  from  mouiiF 
tain  to  mountain,  with  a  curraturo  as  graceful  and  M 
perfect  as  if  drawn  by  the  instrunicnt  of  a  matheniaticiaju 
The  unclouded  moon  was  shining,  and  the  Jiingfrau  v 
before  us  so  pure  and  beautiful,  that  the  titought  of  visiting 
the  "  Maiden"  without  further  2>reparation  occurred  to  mo. 
I  turned  to  Bennen,  and  said,"  Hhall  we  try  the  JniLgfraa?  " 
I  think  he  liked  the  idea  well  enough,  though  he  caii* 
tiously  avoided  incurring  any  responedbility.  "  If  yon  der 
sire  it,  I  am  ready,"  was  his  reply.  lie  had  never  mad^ 
the  ascent,  and  nobody  knew  anything  of  the  state  of  thd 
snow  tliis  year ;  but  Lauener  had  examined  it  through  ft 
telescope  on  the  previous  day,  and  pronounced  it  i 
gerous.  In  every  ascent  of  the  motmtain  hitherto  mad^ 
ladders  had  been  fonnd  indispensable,  but  we  had  nons. 
I  questioned  Beunen  as  to  what  he  thought  of  the  prob»> 
bilities,  and  tried  to  extract  some  direct  encouragement 
from  him ;  but  he  said  that  the  decision  rested  altugethec 
with  myself,  and  it  was  his  business  to  endeavour  to  can|; 
out  that  decision.  "We  will  attempt  it,  then,"  I  aaid,  ai 
for  some  time  we  actually  walked  towards  the  Jnngfra 
A  gray  cloud  drew  itself  across  her  simimit,  and  clung 
there.  I  asked  myself  why  I  deviated  from  my  i 
ginal  intention?  The  Finateraarhom  was  higher,  i 
therefore  better  suited  for  the  contemplated  obserr^ 
tions.  I  could  in  uo  wise  justify  tho  change,  and  finallj 
expressed  my  scruples.  A  moment's  further  convei 
caused  us  to  "  right  about,"  and  frout  the  Baddlo  of  t 
Gruuhum. 

The  dawn  advanced.     The  eastern  sky  became  iUninii 
nated  and  warm,  and  high  in  the  air  across  the  hdge  i 
front  of  us  stretched  a  tongue  of  cloud  like  a  red  fiami 
equally  fiTvid  in  its  hue.     L(x»lcirig  acrjss  tliu  tmnll 
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',  a  valley  which  is  terminated  by  the  Liitscb  saddle 
a  straight  liuo  with  our  route,  and  I  ofteii 
to   look   along   this   maguificent   corridor.     The 
est  inotmtains  in  the  Oberlaud  form  its  sides ;  still, 
t  impression  which  it  makes  is  not  that  of  vastness  or 
fnblimity,  but  of  loveliness  not  to  be  described.     The  sun 
bad  not  yet  smitten  the  snows  of  the  bounding  moun- 
tains, but  the  saddle  carved  out  a  segment  of  the  heaveua 
which  formed  a  background  of  unspeakable  beauty.    Over 
the  rim  of  the  saddle  the  sky  was  deep  orange,   pass- 
ing upwards  through  amber,  yellow,  and  vague  ethereal 
green  to  the  ordinarj'   firmamental   blue.      Bight   above 
tlie  snow-curve  purjile  clouds  hung  perfectly  motionless, 
^Blviiig  d«>pth  to  the  spaces   between  tliem.      There   was 
HBkBeUiing  saintly  in  the  scene.     Anything  more  exquisite 
^HPiltld  never  beheld. 

We  marched  upwards  over  the  smooth  crisji  snow  to  the 
orest  of  the  saddle,  and  here  I  turned  to  take  a  last  look 
along  that  grand  corridor,  and  at  that  wonderful  "  daflbdil 
sky."  llio  sun's  rays  had  already  smitten  the  snows  of  the 
AletAnhlium ;  the  radiance  seemed  to  infuse  a  principle  of 
life  and  actirity  mto  the  mountains  and  glaciers,  but  still 
t  holy  light  shone  fortli,  and  those  motionless  clouds 
i  beyond,  reminding  one  of  that  eastern  religion  whose 
i  tile  repression  of  all  action  and  the  substitution 
Irit  of  immortal  calm.  The  Finateraarhom  now  fronted 
f  but  clouds  turbaued  the  head  of  the  giant,  and  hid  it 
a  our  view.  ITic  wind,  however,  being  north,  iusjiired 
1H  with  u  strong  hope  that  they  would  melt  as  the  day  ad- 
vanced. I  have  hardly  seen  a  finer  ice-field  than  that 
which  now  lay  before  us.  Considering  the  nev^  which 
npplii^  it,  it  appeared  to  me  that  the  Viescher  glacier 
Might  lo  discliargo  as  much  ice  as  the  Aletscb;  but 
I  an  error  due  to  the  extent  of  nihe  which  is  here 
9  visible :  since  a  glance  at  the  ma[i  of  tliis  portion 
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of  the  Oberland  shows  at  once  the  great  superiority  of 
the  mnuntaiii  treasury  from  which  tlie  Aletsch  Glacier 
draws  support.  Still,  the  ice-field  before  iis  was  a  most 
noble  one.  The  euiroUQding  moimtaius  wexe  of  imposing 
magnitude,  and  loaded  to  their  atimmit^  with  snow.  Down 
the  sides  of  some  of  them  the  half-consotidatcd  mass  fell  in 
a  state  of  wild  fracture  and  confusion.  In  some  cases  tfaA 
riven  masses  were  twisted  and  overturned,  the  ledges  beott 
(md  the  detached  blocks  piled  one  upon  another  in  heape; 
while  in  other  casos  the  smooth  white  mass  descended 
from  crown  to  base  without  a  wrinkle.  The  valley 
now  below  iis  was  gorged  by  the  frozen  material  thtu 
incessantly  poured  into  it.  We  crossed  it,  and  reached  the 
base  of  the  Finsteraarhom,  ascended  the  mountain  a  Uttle 
way,  and  at  six  o'clock  paused  to  lighten  our  burdens  and 
to  refresh  ourselves. 

ITie  north  wind  had  freshened,  we  were  in  the  shode^ 
and  the  cold  was  very  keen.  Placing  a  bottle  of  tea. 
and  a  small  quantity  of  provisions  in  the  knapsack,  and 
a  few  figs  and  dried  prunes  in  our  pockets,  we  i 
menced  the  ascent.  The  Finsteraarhom  sends  dovn  I 
number  of  cliffy  buttresses,  separated  from  each  other  b 
wide  (K>nloir8  filled  with  ice  and  snow.  We 
one  of  these  buttresses  for  a  time,  treading  cautious^ 
among  the  spiky  rocks ;  afterwards  we  went  along  I 
snow  at  the  edge  of  the  spine,  and  then  fairly  parted 
company  with  the  rock,  abandoning  ourselves  to  the  i 
of  the  couloir.  The  lattijr  was  atiicp,  and  the  snow  y 
so  lirrn  that  stejM  had  to  be  cut  in  it.  On(!ti  I  paused 
ujiou  a  little  ledge,  which  gave  me  a  slight  fixitiu^  i 
took  tlie  inclination.  The  bIoijo  formed  an  angle  of  45^ 
with  tlie  hurizun ;  and  across  it,  at  a  Uttte  dietauoe  I 
low  me,  a  gloomy  fissure  opened  its  jaws,  The 
nimrcd  the  summits  wlkich  lutd  before  out  ofi'  liis  rays,  a 
burst  npou  us  with  great  power,  oompolliug  us  to  resort  U 
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OQr  tbDb  and  dark  fljiectatiloa.  Two  years  before,  Bennen 
lad  bcon  nearly  blinded  by  mfliinunation  brougbt  ou  by 
tiie  glaru  from  the  anow,  aud  ha  unw  took  imasiuil  cnre  in 
{HOtectiug  his  eyes.  The  rooka  looking  more  practicable, 
w«  again  ouule  towards  tliem,  and  clambered  among  them 
till  n  vcrtiftil  precipice,  which  proved  impoBsible  of  ascent, 
frontol  us.  Bemieu  Bcauned  the  obstaelti  cJiwely  as  we 
alwwly  approaeht^d  it,  aud  finally  descended  to  the  snow, 
which  wound  at  a  steep  angle  round,  ite  base :  on  this  the 
fijotiug  appeared  to  me  to  be  singularly  insecure,  but  I 
marcht'd  without  hesitation  or  anxiety  in  the  footsteps  of 
ny  guide. 

Wo  ascended  the  rocks  once  more,  continued  along 
them  for  somo  time,  and  then  deviated  to  the  couloir 
m  our  left.  This  suow-slope  is  much  dislocated  at  its 
bwer  portion,  and  above  its  precipices  and  crevasses  our 
route  now  lay.  The  snow  was  smooth,  and  sufflpiently 
tinn  and  steep  to  render  the  cutting  of  Btejia  neceesarj'. 
Betiuen  took  tbe  lead:  to  make  each  step  he  s^t-uug  his 
mattock  once,  and  his  hindmost  foot  rose  exactly  at  tbe 
moment  the  mattock  descended ;  there  was  thus  a  kind  of 
rhythm  in  bis  motion,  tlie  raising  of  the  foot  keeping 
time  to  the  awing  of  the  implement  In  this  manner  we 
jJToceoded  till  we  reached  the  base  of  the  rocky  pyramid 
iriiirli  ca]M  the  mountain. 

lae  side  of  the  pyramid  had  been  sliced  off.  thus 
[ling  down  almost  a  nheer  precipice  for  some  thousonds 
(o  the  i'insteraar  glacier.  A.  wall  of  i-ock,  about 
15  feet  high,  runs  along  the  edge  of  tlie  moun- 
tjxd  ttiis  alieltored  us  from  the  north  wind,  which 
witli  Ihii  sound  of  waves  against  the  tremendous 
liairiet  at  the  other  side.  "  Our  hardest  work  is  now 
before  ua,"  said  my  guide.  Our  way  lay  up  the  st*^p 
ud  ^ilintered  rocks,  among  which  we  imught  out  tlie 
which  were  closely  enough  wedged  to   bear  our 
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weight.  Each  had  to  trust  to  himself,  ami  I  fulfilledl 
I  to  the  letter  my  engagement  with  Bennen  to  ask 
I  help.  My  boiling- water  apparatus  and  telescope  werrf 
on  my  back,  much  to  my  annoyance,  as  the  fonaer 
heavy,  and  sometimea  swung  awkwardly  round  as  I  twisted^ 
myself  among  the  cliffs.  Bennen  offered  to  take  it.  bat  hs) 
had  his  own  share  to  carry,  and  I  was  resolved  to  bear 
mine.  Sometimes  the  rocks  alternated  with  spaces 
ice  and  snow,  which  we  were  at  intervals  compelled  to 
cross ;  sometimes,  when  the  slojje  was  pure  ice  and  very" 
steep,  we  were  compelled  to  retreat  to  the  liighest  clJfEk,< 
The  wall  to  which  I  have  referred  had  given  way  itt 
Bome  places,  and  through  the  gaps  thus  formed  tita, 
wind  rushed  with  a  loud,  wild,  wailing  sonntL  Throngi 
these  spaces  I  could  see  the  entire  field  of  Agiixaiz'e  obaer- 
vatious;  the  junction  of  the  Lautcraar  and  Finsteraas 
glaciers  at  the  Abschwung,  the  .medial  moraine  betwutiO, 
them,  on  which  stood  the  Hdtel  des  Nenfchatelois,  and  th^ 
pavilion  built  by  M.  Dolfuas,  in  which  Huxley  and  myseUE 
I  bad  found  shelter  two  years  before.  Bennen  was  evidently 
I  anxious  to  reach  the  summit,  and  recommended  all  obser^ 
TatioQB  to  be  postponed  until  after  onr  success  had  been 
assured.  I  agreed  to  tide,  and  kept  close  at  liis  heclfl^ 
Strong  as  he  waa,  he  sometimes  paused,  laid  bis  head  npoo. 
hia  mattock,  and  panted  like  a  chased  deer.  He 
plained  of  fearful  thirst,  and  to  quench  it  we  had  only  my 
bottle  of  tea :  this  we  sltared  loyally,  my  guide  piaisina 
its  virtuea,  as  well  be  might  Still  tlie  summit  loomi 
above  us :  still  the  angry  swell  of  the  north  wimi,  boating 
against  the  torn  battlemeute  of  the  mountain,  made 
muHic.  Upward,  however,  we  strained;  and  at  lost,  01 
L  gaining  the  crest  of  a  rock,  Bennen  exclaimed,  in  a  jnbHanl 
I  voice,  "Die  hUcfute  •?/«(« /"—the  highest  point  In  ■ 
|nioment  I  was  at  hia  side,  and  saw  the  summit  witllin 
■  puoee  of  ua.      A   minute    or   two   pbced    lu 
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the  topmost  pinnacle,  with  the  blue  dome  of  heaven 
■bovfl  us,  and  a  world  of  momitains,  clouds,  and  glaciers 
beneath. 

A  nation  is  entertained  by  many  of  the  guides  that  if 
jroa  go  to  sleep  at  the  sommit  of  any  of  the  highest  moun- 
tuns,  you  will 

"  Sleep  Ihe  sleep  thai  konwa  no  waking." 
Benuoti  did  not  appear  to  entertain  this  superstition ;  and 
befuro  utarting  in  the  morning,  I  had  stipulated  for  ten 
loiuut'-H'  eleep  on  reaching  the  summit,  as  part  compensa- 
tinn  for  the  loss  of  the  night's  rest.  My  first  act,  after 
casting  a  glance  over  the  glorious  scene  beneath  ua,  was 
to  takv  advantage  of  this  agreement ;  so  I  lay  down  and 
had  five  minutes'  sleep,  from  which  I  rose  refreshed 
and  brisk.  The  sun  at  first  beat  down  upon  us  with 
iatSDBu  force,  and  I  exposed  my  thermometers ;  but  thin 
redlfl  of  vapour  soon  drew  themselves  before  the  sun,  and 
dunxer  mists  spread  over  the  valley  of  the  Rhime,  thus 
destroying  all  possihility  of  concert  between  Kamsuy  and 
my*ilf.  I  turned  therefore  to  my  hoihng-water  apparatus, 
filled  it  with  snow,  melted  the  first  cliarge,  put  more  in, 
[  boiled  it;  ascertaining  the  boiling  point  to  bo  187° 
nlieit     On  a  sheltered  ledge,  about  two  or  three 

I  south  of  the  highest  point,  I  placed  a  minimum- 
momfter,  m  the  hope  that  it  would  enable  us  in  future 

i  to  record  the   lowest  wnter  temperatures  at  the 

ut  of  the  mountain.')' 

ir  fuUcrving  note  doaoilbes  the  dnglo  obeervutioD  mode  with  thil 
Dclwt.    Mr.  B.  infonoi  me  that  on  flnding  tho  infltiuiuent  Bnnneii 
[  it  in  triumpti  rooiid  his  biwd.    I  taai,  therefore,  tliat  the  obwi- 
rm&ta  Kl*ca  ns  no  certain  infonuatiou  rogarding  the  miiiimimi  irlutdr. 

-8L  NiyholM,  IM!).  Ang.  2S. 
"Sir, — On  Tnoidii;  loal  (tho  23rd  inat.)  a  party,  coosistiog  at  HerarB. 
B.,   tL.   B.   L.,  and  mjaelT.  moot-i-dod  iu  reaching  tho  euuiiuit  or  tho 
flMtW  AAihcun  wular  tbo  guidoaoa  of  Donnan  ajid  Uclcluot  Anilif. 
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It  is  djfficnlt  to  convey  any  jiist  impression  of  the  soeiitt 
&om  the  summit  of  the  FitiBtt;rttarhom :  one  might,  it  i| 
true,  arrange  the  visible  mountains  in  a  list,  stating  their 
heights  and  <listance3,  and  leaving  the  imagination  to  ru> 
nish  them  with  peaks  and  piniiaubs,  to  build  the  precipice!^ 
polish  the  snow,  rend  the  glaciers,  and  cap  the  lughesl! 
summits  with  appropriate  clouds.  But  if  imagination  c 
its  tiest  in  tliis  way,  it  would  hardly  exceed  the  reiilitf, 
and  would  certainly  omit  many  details  which  coDtrihuU 
to  the  grandeur  of  the  scene  itsel£  The  varic 
of  the  mountains,  some  grand,  some  beautiful,  bathed 
in  yellow  sunshine,  or  lying  black  and  riven  under  thtf 
frown  of  impervious  cumuli ;  the  pure  white  peaks,  < 
nices,  bosses,  and  amphitheatres;  the  blue  ice   rifts,  ibi 

made   it  on  especial   object   to  observe  tmd  reaot  the  mli 
Uienaometer  wlucli  jun  left  tlmto  Inat  jcai.    Ou  reaching  tlie  a 
before  I  bad  time  to  stop  him,  Bonaen  prodnced  the  inslnuneut, 
is  just  possible   tbat  in  moving  it  ha  maj  bave  altered   U< 
of  tho  index.    Howovoi,  as  be  held  tbe  iustnuaent  boriiontallf ,  and 
not.  as  fkT  as  I  sun,  give  it  any  eentdble  jerk,  I  have  great  coufldence  Q 
the  index  remained  unmoTed. 

"  The  reading  of  tbe  index  was  —32'  Cent. 

"  A  portion  of  tbe  spirit  extending  over  about  10^°  (and  standing  t 
twe«u  33^  and  43)")  wan  iepantod  from  tbe  rest,  bat  tbtre  appcafsd 
ID  data  for  dotermining  when  the  separation  hod  taken  pbKiti.  Jim 
KppMired  desiiBble  to  uoite  the  two  portions  of  spirit  before  ag«a  «eUi) 
the  index  to  record  tbe  cold  of  another  winter,  we  cndenTouied  to  (A 
this  bj  heating  the  Inilb,  but  unfortanateij.  just  aa  wo  were  oqwoting 
•ep  them  coalFMe,  the  bulb  burst,  and  I  have  now  to  eipties  my  ^ 
regret  that  my  clumdnesa  or  ignonuiue  of  tlio  proper  modu  of  si^ttioi;  Ibt 
inatnunent  in  order  should  have  interfered  with  tbe  eoutmuimcc  of  obsai 
Tutions  of  BO  muuh  iul^ieat.  Tbe  remains  of  the  instruiDeut,  logotlU 
with  a  note  of  tho  Mi'idunt,  I  have  left  in  the  charge  of  Wellig,  the  Uw 
lord  of  the  hutel  on  the  £ggiKhhum. 

"  We  rooctied  the  niinmit  about  10'40  «.h.  and  remoinod  there  till  noM 
the  rending  of  a  pockut  thermumuter  in  the  shade  was  41^  P. 

"Should  there  be  an^fUrLlierdHbillBcounectodwitbouraBoent  on  trhle 
yon  would  like  to  hnvo  iafonnfltian,  I  aboil  hu  hnppy  lo  mipply  tticm  ( 

lu  best  of  mj  rooolleotion.    Meunwbil«,  wilb  a  farther  apology  tot  n 

umaiUL-8s,  1  beg  to  suhDcribe  myself  yount  tespeotfuily. 


mow-precipices,  the  glaciers  issuing  from  the 
t  of  the  eternal  hiUs,  and  Btretching  like  fruzou 
Ota  through  the  eiuuous  volleys ;  the  lowtr  cloud 
field — itself  an  empire  of  vaporoua  liilla — shining  with 
%y»li'tijT  whitcDejis,  while  here  and  there  grim  eunimits, 
brovra  by  nature,  and  black  by  coutr&st,  pierce  through  it 
like  volcanic  ialandB  throiigh  a  shining  sen, — add  to  tliis 
tho  c<>u»ciousnea9  of  oue's  position  which  clings  to  one 
mcmuKiaiulj/,  that  undercurrent  of  emotion  which  sur- 
toiiuds  the  question  of  one's  personal  safety,  at  a  height  of 
mom  than  14,U0U  feet  above  the  sea,  and  which  is  increa^d 
by  the  weird  strange  sound  of  the  wind  surging  with  the 
iUi  deep  boom  of  t-he  distant  sea  against  tlio  precipice 
behind,  or  rising  to  higher  cadences  as  it  forces  iteelf 
through  the  crannies  of  the  weatherworn  rocks,  —  all 
eoQDpire  to  render  the  ecenc  from  the  I'iusteraarhom 
worthy  of  the  mooarcb  of  tlie  Bernese  Aljts. 

My  guide  at  length  wanted  me  that  we  must  be  moving ; 
repeating  the  warning  more  impressively  before  1  attended 
to  it.  We  packed  up,  and  as  we  citood  beside  each  other 
ready  to  march  he  asked  me  whether  we  should  tie  our- 
SEdves  together,  at  the  same  time  expressing  his  belief  that 
it  was  mmecesury.  Cp  to  this  time  we  had  been  separate, 
and  the  thought  of  attaching  ourselves  had  not  occurred  to 
too  till  he  mentioned  it.  I  thought  it,  however,  prudent  to 
uxxspt  the  suggestion,  and  so  we  united  our  destinies  by  a 
MrcMtg  rope.  "  Now,"  said  Bennen, "  have  no  fear;  no  matter 
how  you  throw  yourself,  1  will  hold  you."  Afterwards,  on 
tnotber  perilous  summit,  1  repeated  this  sajdng  of  Beouen's 
lo  u  itrung  and  active  guide,  but  his  observation  was  that  it 
wail  u  hardy  untruth,  for  that  iu  many  places  Bennen  could 
not  have  held  me.  Nevertheless  a  daring  word  strengthena 
tlie  heart,  and,  though  I  felt  no  trace  of  that  sentiment 
1  Beonen  exhorted  me  to  banish,  and  was  determined, 
QC  lay,  to  give  him  no  opiwrtnnity  of  trying 
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his  Btrength  in  saving  mo,  I  liked  the  fearleae  utterance  of 
the  mau,  and,  sprang  ohoerily  after  him.  Our  descent « 
rapid,  apparently  reckless,  amid  looso  spikes,  boolden^' 
and  vortical  prisma  of  rock,  where  n  false  st«p  woul4 
assuredly  have  been  attended  with  broken  bones ;  but  the 
jusneas  of  oertainty  in  our  movements  never  forsook 
n3,  and  proved  a  source  of  keen  enjoyment.  The  aensee 
were  all  awake,  the  eye  clear,  the  heart  strong,  the  limb* 
steady,  yet  flexible,  with  power  of  recovery  in  store,  and 
ready  fur  instant  action  should  the  footinggivo  way.  Such, 
is  the  discipline  which  a  perilous  ascent  im])ose6. 

We  finally  quitted  the  crest  of  rocks,  and  got  &irly 
upon  tlie  snow  once  mor&  We  firet  went  downwards 
at  a  long  swinging  trot.  The  sun  having  melted  the 
CHMt  which  we  were  compelled  to  cut  through  in  thfl' 
morning,  the  leg  at  each  plunge  sank  deeply  into  the 
Buow  ;  but  this  sinking  was  partly  in  the  direction  of  tli« 
slope  of  the  mountain,  and  hence  assisted  our  progrea& 
Sometimes  the  crust  was  hard  enough  to  enajjie  us  to  glide 
U[)on  it  for  long  distances  while  standing  erect ;  but  thu  end 
of  these  gliaaadca  was  always  a  plmige  and  tumble  in  the 
deeper  BQOw.  Once  upon  a  steep  hard  slope  Bennen's  footing 
gave  way ;  he  fell,  and  went  down  rapidly,  pulling  mo  after 
him.  1  fell  also,  but  turning  quickly,  drove  the  spike  of 
my  hatchet  into  the  ice,  got  good  ancliorage,  and  held 
both  fast ;  my  success  assuring  me  that  I  had  improved 
as  a  moimtaineer  since  my  ascent  of  Mout  lilanc  Ws 
tumbled  so  often  in  the  soft  snow,  and  our  clotliee  and 
boots  were  so  hill  of  it,  that  we  thought  wu  might 
as  well  try  the  sitting  posture  in  gliding  down.  Wg 
did  so,  and  descended  with  extraordinary  velocity,  buing 
.  checked  at  intervals  by  a  bodily  immoreion  in  the  Ruftur 
I  and  deeper  snow.  I  was  usually  in  iVuut  of  Beuuen,  Khootiog 
down  with  the  speed  of  an  arrow,  and  feeling  the  check  of  liio 
ropi:  when  the  rapidity  of  my  motion  exceeded  my  guide' 
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I  of  what  waa  safe.  Sometimes  I  was  behind  him, 
rati  (iartud  at  intenals  with  the  swiftoesa  of  an  avalouche 
right  upou  him ;  gometimes  in  the  same  transTerse  Hue  with 
him,  witli  the  full  length  of  the  rope  between  us ;  mid  here 
I  {uund  it»  check  unpleasant,  as  it  tended  to  make  me  roll 
orer.  My  feet  were  usually  in  the  air,  and  it  was  only 
necessary  to  torn  them  right  or  left,  like  the  helm  of  a 
boat,  to  change  the  direction  of  motion  and  avoid  a  diffi- 
culty, while  s  vigorous  dig  of  leg  and  hatehet  into  the 
Enow  was  sufficient  to  check  the  motion  and  bring  us  to 
mat  Swiftly,  yot  cautiously,  we  glided  into  the  region  of 
crevassott,  where  we  at  last  rose,  quite  wet,  and  resumed 
oor  walking,  until  we  reached  the  jHiint  where  we  had  left 
cnir  wiuu  in  the  morning,  and  where  I  squeezed  the  water 
fnmi  my  wet  clothes,  and  partially  dried  them  in  the  eun. 

We  had  left  some  things  at  the  cave  of  the  Faulbeig, 
and  it  was  Benneu's  first  intention  to  return  that  way  and 
take  thtm  home  with  him.  Finding,  however,  that  we 
could  traretsa  the  Viesoher  glacier  almost  to  tlie  ^ggisch- 
horo.  I  made  this  our  highway  homewards.  At  the  place 
wberu  we  entered  it,  and  for  an  hour  or  two  afterwards, 
tht'  glacier  was  cut  by  fissures,  for  the  most  part  covered 
with  snow.  We  had  packed  up  our  rope,  and  Bennen  ad- 
iDonisLod  me  to  tread  in  his  steps.  Three  or  four  times  he 
hftlf  diwtpiK'areil  in  tho  concealed  fissures,  but  by  clutch- 

I  the  mow  he  rescued  himself  and  went  on  as  swiftly  as 
Once  my  leg  sunk,  and  the  ring  of  icicles  some 

f  foet  below  told  me  that  I  was  in  the  jaws  of  a  cre- 
tune ;  my  guide  tiuned  sharply — it  was  the  only  time 
that  1  had  seen  concern  on  his  countenance : — 

"  QUt'a  Donmr  !  8U  haben  rneme  Tritle  nicht  gtfolgt." 

wDoch!"  was  my  only  reply,  and  we  went  on.  He 
ely  tried  the  snow  that  he  crossed,  aa  from  its  form 

W  colour  he  could  in  most  cases  judge  of  its  condition. 
?or  a  long  time  we  kept   at  the  left-hand  side  of  the 
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glftcier,  avoiding  the  fissures  which  were  now  permanently 
open.  We>  camo  upon  the  tracks  of  a  herd  of  chamou^ 
which  had  clamhered  Irom  the  glacier  up  the  sidee  of  the 
Oberaarhom,  and  afterwards  crossed  the  glacier  to  tha 
rigbtrliaod  aide,  my  guide  being  perfect  master  of  thA 
ground.  His  eyes  weut  in  advance  of  his  steps,  and  his 
judgment  was  formed  before  his  legs  moved.  Tlie  glacier 
was  deeply  fissured,  but  there  waa  no  swerving,  no  retreat 
ing,  no  tumiug  back  to  seek  more  practicable  routes;, 
each  stride  told,  and  every  stroke  of  the  axe  was  a  pro- 
fitable investment  of  labour. 

We  left  the  glacier  for  a  time,  and  proceeded  along  the 
mountain  side,  till  we  came  near  the  end  of  the  Trifk 
glacier,  where  we  let  ourselves  down  an  awkivard  face  of 
rock  along  the  track  of  a  little  cascade,  Rud  came  upoa 
the  gla4:ier  once  more.  Here  again  I  had  occasion  to 
admire  the  knowledge  and  promptness  of  my  guide.  Th» 
glacier,  as  is  well  known,  is  greatly  dislocated,  and  has 
once  or  twice  proved  a  prison  to  guides  and  travellers, 
but  Bennen  led  me  through  the  confusion  without  a  pauseu 
We  were  sometimes  in  the  middle  of  the  glacier,  sometimea 
on  the  moraine,  and  sometimes  on  the  side  of  the  flankmg 
mountain.  Towards  the  end  of  the  day  wo  crossed  what 
seemed  to  be  the  consolidated  remains  of  a  great  ava- 
lanche :  on  this  my  foot  slipped,  there  was  a  crevasse  aS 
haud,  and  a  sudden  efl'ort  was  necessary  to  save  mo  froitt 
foiling  into  it.  In  making  this  eflbrt  the  spike  of  my 
axe  turned  uppermost,  and  the  palm  of  my  haud  ca.m4 
down  upon  it,  thus  iuilictiiig  a  very  angry  woimd.  Wu  wert 
Boon  upon  the  green  alp,  having  bidden  a  last  CiiroweD 
to  tlie  ice.  Another  hour's  bard  walking  brought  us  to  oui 
hotel  No  one  seeing  us  crneaing  the  alp  woidd  have  mp- 
poaed  that  we  had  kid  such  a  day's  work  behind  m ;  tin 
proximity  of  home  gave  vigour  to  our  strides,  and  oar  pro 
gross  was  much  more  speedy  than  it  had  beenoaetoitingil 
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I  lh«  muruing.  I  waa  affectionately  welcomed  by  Eamsay, 
^^^  B  warm  bath,  dined,  went  to  bed,  where  1  lay  faet 
^^^fted  in  sleep  for  eight  hours,  and  rose  nest  momiug 
^^Hv««h  (uid  vigorone  ae  if  I  had  never  scaled  the  Fiuster- 

w  — 

On  the  6tli  of  August  there  was  a  long  fight  between 
mist  and  sunshine,  each  triumphing  by  turns,  till  at  length 
the  orb  gained  the  Tictory  and  cleansed  tlie  mouutaina 
from  evtry  tmce  of  fog.  We  descended  to  the  MarjeJen 
See.  aud,  wishing  to  try  the  floating  power  of  its  icebergs, 
at  a  place  where  masses  sufBciently  largo  approached 
near  to   the   shore,  I  put  aside  a  portion  of  my  clothes 

I  retaining  my  boots  stepped  upon  the  floating  ice.    It 

le  for  8  time,  and  I  hoped  eventually  to  be  able  to 

myself  over  the   water.     On  swerving  a    little, 

Hrever,  fWim  the  position  in  which  I  ttrst  stood,  the 
msBB  tamed  over  and  let  me  into  the  lake.  I  tried  a 
ieoood  one,  which  served  me  in  the  same  manner ;  the 
water  was  too  cold  to  continue  the  attempt,  and  there 
wiM  aim  BOme  riuk  of  being  vAipleasantly  groimd  between 
lJit>  uppu«ing  surfaces  of  the  masses  of  ice,  A  very  large 
tcoberg  which  had  boon  detached  some  short  time  pre- 
vioiwly  from  the  glacier  lay  floating  at  some  distance 
from  iw.     Suddenly  a  sound  liko  that  of  a  waterfall  drew 

E attention  towards  it.  We  saw  it  roll  over  with  the 
Ht  deUberation,  while  the  water  which  it  carried  along 
ft  niahed  in  cataracts  down  its  sides.  Its  previous 
ee  was  white,  its  present  one  was  of  a  lovely  blue,  the 
iBtgvd  crystal  having  now  come  to  tht^  air.  The 
Dcrstit  of  this  iceberg  produced  a  commotion  all  over 
tiw  lake  ;  the  floating  masses  at  its  edge  clashed  together, 
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and  a  mellow  glucking  sound,  due  to  the  lappiug  of  till 
nndulatioas  again^  the  frozeu  masseB,  continued  loiq 
afterwards. 

We  subsequently  spent  several  hours  upon  the  glacier 
and  on  this  duy  I  noticed  for  the  first  time  a  contempo- 
raueous  exhibition  of  bedding  and  structure  to  which  I  sh] 
refer  at  another  place.  We  passed  finally  to  the  left  bank 
of  the  glacier,  at  some  distance  below  the  base  of  the 
^ggiachhom,  and  tmced  ils  old  moraines  at  iutGr\'als  along 
tlie  flanks  of  the  bouuiling  mountain.  At  the  summit  erf 
the  ridge  we  fomid  several  fine  old  roc!wi  moutormgea, 
some  of  which  the  scratchings  of  a  glacier  long  de| 
were  well  preserved;  and  from  tlie  direction  of 
scratchings  it  might  be  inferred  that  the  ice  moved 
the  mountam  towards  the  valley  of  the  Rhone.  A  pli 
into  a  lonely  mountain  lake  ended  tlie  day's  excursion. 

On  the  7tli  of  August  we  quitted  this  noble  station,. 
Sending  our  guide  on  to  Viesoh  to  take  a  conveyance  and. 
proceed  with  our  luggage  down  the  valley,  Baiosay  and 
myself  crossed  the  mouutams  obliquely,  desiring  to  traoo 
the  glacier  to  its  termiuation.  We  had  no  path,  but  it  was 
hardly  possible  to  go  astray.  We  crossed  spurs,  climbed  and 
descended  pleasant  mouuds,  sometimes  witli  the  soft  gne* 
under  our  feet,  and  sometimes  knee-deop  in  rhododeudron&. 
It  took  us  several  hours  to  reach  the  end  of  the  glacier, 
and  we  tlien  looked  doivn  upon  it  merely.  It  lay 
couched  like  a  reptile  in  a  wild  gorge,  as  if  it  had  Bpl^ 
the  mountain  by  its  Irozeu  snout.  We  aften^ards  de> 
sconded  to  Morill,  where  we  met  our  guide  and  driver 
thence  down  the  valley  to  Visp ;  and  the  following  eveaing 
saw  us  lodged  at  tho  Monte  Kosa  hotel  in  Zermstt. 

The  boiling-point  of  water  on  the  table  of  tlie  mA« 
ma^er,  1  found  to  be  202-58°  Fahr. 

On  Uie  following  morning  I  proceeded  without  inj- 
to  thu  Giimer  glacier.     As  is  well  known,  die  end  of  thia 
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l^acier  has  been  steadily  advancing  for  several  years,  and 
wlien  I  saw  it»  the  meadow  in  front  of  it  was  partly 
duivelled  up  by  its  irresistible  advance.  I  was  informed 
by^my  host  that  within  the  last  sixty  years  forty-four  chalets 
had  been  overturned  by  the  glacier,  the  ground  on  which 
fliey  stood  being  occupied  by  the  ice ;  at  present  there 
are  others  for  which  a  similar  fate  seems  imminent. 
In  thus  advancing  the  glacier  merely  taketf  up  ground 
which  belonged  to  it  in  former  ages,  for  the  rounded 
locks  which  rise  out  of  the  adjacent  meadow  show  that  it 
had  once  passed  over  them. 

I  had  arranged  to  meet  Ramsay  this  morning  on  the 
load  to  the  Biffelberg.  The  meeting  took  place,  but  I  then 
kamed  that  a  minute  or  two  after  my  departure  he  had 
reoeiyed  inteUigence  of  the  death  of  a  near  relative.  Thus 
was  our  joint  expedition  terminated,  for  he  resolved  to 
return  at  once  to  England.  At  my  solicitation  he  accom- 
panied me  to  the  Biffel  hotel.  We  had  planned  an  ieiscent 
rf  Monte  Eosa  together,  but  the  arrangement  thus  broke 
down,  and  I  was  consequently  thrown  upon  my  own  re- 
sources* Lauener  had  never  made  the  ascent,  but  he 
nevertheless  felt  confident  that  we  should  accomplish  it 
together. 
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FIK3T  ASCENT  OF  MONTE  EOSA.  1868. 

(18.) 

On  Montlav,  the  9tU  of  August,  we  reached  the   Eiffel, 
and,  by  good  fortnne,  oil  the  evening  of  the  same  day,  my 
guide's  brother,  the  well-known  Ulrieh  Lauener,  sJaa  arriyf 
at  the  hotel  on  his  return  from  Monte  Rosa.     From  him 
obtained  all  the  informatiou  possible  respecting  the  ascc 
and  he  kindly  agreed  to  accompany  us  a  little  way 
next  morning,  to  put  us  on  the  right  track.     At  three  A. 
the  door  of  my  bedroom  opened,  and  Christian  Laueof 
annonnced  to  me  that  the  weather  waa  sufficiently  good 
justify  an  attempt.     The  stars  were  shining  overhend ; 
IJlricli  tti'terwards  drew  our  attention  to  some  heavy  doi 
wliich  clung  to  the  mountains  on  the  other  siile  of  tli9j 
volley  of  the  Yisp ;   remarking   that  the  weather  mi^ 
continue  fair  throughout  the  day,  but  that  these  doodl 
were  ominous.     At  four  o'clock  we  were  on  our  way,  by 
which  time  a  gray  Rtratue  cloud  Itad  drawn  itself 
the  neck  of  the  Matterhom,  and  soon  aftemards  anothflB] 
of  the  same   nature  encircled  his  waist.     \ 
past  the  RifieUioru  to  the  ridge  above  the  Gfimer  glaci« 
from  wliicli  Monte  Rosa  was  visible  finm  top  to  bott 
and  where  an  animated  conversation  in  Swiss  patois  ct 
menced.     Ulrich  described  the  slopes,  passes,  and 
cipices,  which  were  to  guide  us ;  and  Christian  demani 
explanations,  until  he  was  finally  able  to  declare  to  me 
that  his  knowledge  was  sufficient.     We  then  bade  Ulriiji 
good-bye,  and  went  forward.     All  was  clear  about  Jtonto 
Hosa>  nnd  the  yellow  morning  light  filioue  brightly 
its  uppermost   snows.      Beside  the   Queen  of   the  All 
waa   the   huge    mass   of   the   Lyskamm,   with  a   ww)( 
stretching  from  the  one  to  the  other ;  next  to  the  Lysl 
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Itwo  white  rounded  moundx,  smuntb  oiid  pure,  the 
I  Castor  and  Pollux,  and  fiirth<ir  to  tho  right  again 
'fte  broad  browii  flauk  of  the  Breithom.  Behind  us 
Mont  Cerrin  gathered  the  clouds  more  thickly  round  him, 
antil  finally  his  grand  obelisk  wan  totally  hidden.  We 
went  alou^  the  mountain-Bide  for  a  time,  and  tlien  de- 
wradcd  to  the  glacier.  The  aurfucu  WBS  hard  frozen,  and 
tJw  ice  crutkched  loudly  under  our  feet.  There  was  a  hol- 
IvwueHS  and  volume  in  the  sound  which  require  explana- 
,  titm ;  and  this,  I  think,  is  furnished  by  the  remarks  of  Sir 
p  Herschel  on  those  hollow  souiids  at  the  Soltut^rra, 
Haples,  from  which  travellers  have  inierred  the  exist- 
f  cavities  within  the  moimtuin.  At  the  [ilace  where 
tre  heani  the  earth  is  friable,  and,  when 
'f  the  comsussion  is  reinforced  and  lengtJiened  by  the 
1  ecb(M  from  the  surfiices  of  tlie  frtij^menta.  The 
R  for  a  similar  efi'e<-t  exist  uikiu  the  glacier,  for 
}  is  dtdntegrat^^l  to  a  certain  dt^pth,  and  from  the 
rable  places  of  nipture  little  reverberations  are 
^ch  give  a  length  and  hoUowneas  to  the  sound  pro- 
fchy  the  crushing  of  the  fragments  on  the  surfisice. 
I  loi^ced  to  the  sky  at  intervals,  and  once  a  meteor 
i4Bl  acrom  i^  leaving  a  train  of  sparks  bohind.  The  blue' 
Gnnanirnt,  from  which  the  stars  shone  down  bo  brightly 
i  we  roee.  was  more  and  more  invaded  by  clouds. 
laitvancfKl  upon  us  IVomonr  rL>ar,  while  before  us  the 
I  heiglit«  of  Monte  Bosa  were  bathed  in  rich  yellow 
As  the  day  advanced  the  radiance  crept  down 
1  the  valleys ;  but  still  those  stealthy  clouds  ad- 
1  like  A  besieging  army,  taking  deliberate  poesesaon 
i  Himmita,  one  after  the  other,  while  grey  sldmiiaherB 
I  through  the  air  above  us.  The  play  of  light  and 
f  npon  Monte  Itosa  was  at  times  beautiful,  bare  uf 
m  of  glory  ahifiing  and  alternating  from  top 
1  of  Ibe  motintaiii. 
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At  five  o'clock  a  grey  cloud  aUghted  on  the  shoulder  of 
the  LyHkatnro,  which  had  liitherto  been  wanned  by  tl 
lovely  yellow  light     Stx»a  afterwards  we  reached  the  ft 
of  Monte  Rosa,  and  passed  from  the  gW'jpr  to  a  dope 
rocks,  whose  rounded  forms  and  furrowed  surfaces  showi 
that  the  ice  of  former  ages  had  moved  over  them ;  tlie 
granite  was  now    coated  with    lichens,  and  between  the 
bosses  where  mould  could   rest  were  patches  of  tender 
raoss.     As  we  ascendeil,  a  peal  to  the  right  announced  the 
descent  of  an  avalanche  from  the  Twins ;  it  came  heralded 
by  clouds  of  ice-dust,  which  resembled  the  sphered  mi 
of  condensed  vapour  which  issue  from  a  lot'omotive. 
gentle  snow-slope  brought  us  to  the  base  of  a  precipi 
of  brown  rocks,  round  wliich  we  wound ;  the  snow 
in  excellent  order,  and  the  cliasms  were  ao  firmly  bridg;ed 
by   the  frozen   moss   that  no  caution  was   necesaary 
crossing  them.     Surmounting  a  weathered  cliff"  to  our  left) 
we  paused  ujjon  the  summit  to  look  upon  the  soi-ue  around 
us.    The  snow  gliding  insensibly  from  the  mountains,  or  dis' 
charged  in  avalanches  from  the  precipices  which  it  overhi 
filled  the  higher  valleys  with  pure  wliite  glaciers,  which' 
rifted  and  broken  here  and  there,  ex[)Osing  chasms  and 
cipiees  from  which  gleamed  tlie  delicate  blue  of  the 
formed  ice.   Sometimes,  liowever,  the  nivh  spread  over  wide 
spaces  without  a  rupture  or  wrinkle  to  brejUj  the  emootll* 
neas  of  the  superficial  snow.     Tho  sky  was  now  for  the 
most  part  overcast,  but  through  the  residual  blue  spaces 
the  eun  at  intervals  poured  light  over  tho  rounded  bosses 
of  thtt  mountain. 

At  lialf-paat  seven  o'clock  we  reached  anotlier  precipice 
of  rock,  to  the  left  of  wliich  our  route  lay,  and  Item 
Lauener  projiosed  to  have  some  relreshment ;  aft«r  which 
we  went  on  again.  The  clouds  spread  more  aud  mont, 
leaving  at  length  mere  specks  and  patcJies  of  blw; 
between    Lliem.     Passing  some   high   peakg,    lurmed  \s$ 
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mtinn  of  the  ice,  we  came  to  a  place  where  th(* 

t  by  orevasseB,  on  the  walls  of  which  the  stra- 

bfirjitioti    due   to  succeBsive  snow-falla  wss   showu   with 

at  beauty  mid  delinitiou,    Between  two  of  these  fissures 

Y  now  lay  :  the  wall  of  one  of  them  was  hollowed 

^tadinaUy  midway  tlown,  thus  forming  a  roof  above 

It  ledge  below,  and  from  roof  to  ledge  stretched  a  rail- 

^f  cylindrical  icicles,  as  if  intended  to  bolt  them  to- 

gother.      A  cloud   now  for   the   first   time   touched   the 

nit  of  Monte  Itustt,  and  sought  to  cling  to  it,  but  in  a 

(  it  dispereiil  lu   shatterctl  fragments,  as  if  dashed 

for  its   presumption.     The  mountain  remained 

f  time  lilear  and  triumphant,   hut  the  triumph  was 

t-lived  :  like  suitors  that  will  not  be  repelled,  the  duaky 

T^jouis  came ;  repulse  after  repulse  took  place,  and  the 

;ht  gushed  down  upon  the  heights,  but  it  was  mani- 

t  Uifl  clouds  gained  ground  in  the  conflict. 

I  about  a  quarter  past  nme  o'clock   our  work  was 

d's  play,  a  pleasant  morning  stroll    along   the 

the  mountain  ;    but   steeper  slopes  now   rose 

1^  which  called  for  more  energy,  and  more  care  in 

;  of  tlie  feet-     Looked  at  from   below,  s{ime   of 

«lop(»  apjwireil  precipitous;  but  we  were  too  well 

inled  witii  tho  effect  of  foro-ahurtening  to  let  thia 

At  each  step  we  dug  our  batons  into  the  deep 

.  AVhen  first  driven  in,  the  batons*  dipped  from  ua,  but 

night,  as  w«  walked  forward,  to  the  vertical,  and 

1  it  at  the  other  side.      The  snow  was  thus 

alio,  a   rubbing  of  the  staff  against  it,  and  of 

pow-particlc8   against  each   other,  being   the  conso- 

We  barl  tims  perpetual  rupture  and  regelation ; 

N  little  sounds  consequent  upon  rupture,  reinforced 

1  echoa  from  the  Burfac«3  of  the  granules, 

B  alvaja  tho  huiillc  oT  un  nie  an  iucli  ur  two  longer 
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were  blended  together  to  a  note  resembling  tlie  loving  of 
cows.  Hitherto  I  had  panaed  at  intervuls  to  make  tiota^ 
or  to  take  an  angle ;  but  these  operations  now  ceased,  not 
from  want  of  time,  but  from  pure  dislike ;  for  when  tin 
eye  has  to  act  the  part  of  a  sentinel  who  feels  that  >t 
any  moment  the  enemy  may  be  upon  him :  when  the  body 
must  be  balnui^od  with  precision,  and  h'gsaudnnns,  besidM 
performing  actual  labour,  must  be  kept  in  roadiuesa  tia 
possible  contingencies ;  above  all,  when  yon  feel  that  your 
safety  depends  upon  yourself  alone,  and  that,  if  youp  foot* 
ing  gives  way.  there  is  no  strong  arm  behind  ready  to  be 
thrown  between  you  and  destruction ;  under  such  circuni^ 
stances  the  relish  for  writing  ceases,  and  you  are  willing 
to  hand  over  your  impressions  to  the  safe  keeping  of 
memory. 

From  the  vast  boss  which  constitutes  the  lower  portion  dh 
Monte  Rosa  clifiy  edges  mn  upwards  to  the  summit.  Weifl 
the  snow  removed  trom  these  we  should,  1  doubt  not,  sol 
them  as  toothed  or  serrated  crags,  justifying  the  teid 
"  kamm,"  or  "comb,"  applied  to  such  eilges  by  tlie  Gafl 
mans.  Our  way  now  lay  along  such  a  kamm,  the  (difl 
of  which  had.  however,  caught  the  snow,  and  beeu  eoOH 
pletely  covered  by  it,  forming  an  edge  like  the  ridge  of  «' 
house-roof,  which  sloped  steeply  upwards.  On  the  Lys- 
kamm  side  of  the  edge  there  was  no  footing,  and,  if  tL 
human  body  foil  over  here,  it  would  probably  pass  throUM 
a  vertical  space  of  some  thousands  of  feet,  falling  or  loUinn 
before  coming  to  test.  On  the  other  side  the  snow-slopff 
waa  lees  steep,  but  excessively  perilous-looking,  and  inteiw 
sected  by  precipices  of  ice.  Dense  clouds  now  envdoped' 
UH,  and  made  our  position  far  uglier  than  if  it  had  hetm 
fairly  illuminatod.  The  valley  below  us  was  ono  taiA  cavH 
dron,  filled  with  precipitated  vapour,  which  camn  Boetbilfl 
at  times  up  the  sides  of  the  moonlain.  Sometimes  this  fin 
would  partially  clear  away,   and  the  light  wualil  glaaa 
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apwardd  from  the  dislocated  glac'iers.  My  guide  continu- 
aily  uimotUHlied  mo  to  make  my  footing  sure,  and  to  lix 
tt  cnvli  Rt^^p  my  staS  firmly  in  the  consolidated  enow.  At 
oDc  i>laco,  for  a  ehnrt  steep  ascent,  the  slope  became  hard 
ice,  and  our  position  a  very  ticklisli  one.  We  hewod  our 
steps  aa  we  moved  upwards,  but  were  soon  glad  to  de^^af«• 
from  tito  iei'  tu  u  position  scarcely  less  awkward.  The  wind 
had  an  acted  upon  the  snow  as  to  fold  it  over  the  edge  of 
tbe  kamm,  thas  cansisg  it  to  form  a  kind  of  cornice,  whii?b 
crrerfaong  Iho  precipice  on  tbe  Lyskonun  side  of  the  niomi- 
taia.  Tlib  cornice  now  bore  our  weight:  its  snow  had 
becotnc  somewhat  tirm,  but  it  was  yielding  enough  to 
purmtt  tlio  fort  to  sink  in  it  a  little  way,  and  thus  secure  itis 
■t  least  against  tlie  danger  of  slipping.  Here  also  at  each 
■tep  we  drove  our  batons  firmly  into  the  snow,  availing 
ounelves  of  whatever  helji  they  coiUd  render.  Once. 
wbilct  thus  securing  my  nnchorage,  the  handle  of  my 
hatchet  went  right  tlirongb  the  iH»rnice  on  which  we  stood, 
and.  on  withdrawing  it,  I  could  see  through  the  aper- 
ture into  the  cloud-crammed  gulf  below.  We  continued 
Bflcemling  until  we  reached  a  rock  protmding  from  the 
saow.  and  hero  we  halted  for  a  few  minutes.  Lauener 
looked  upwards  tlirougli  the  fog,  "  According  to  all  de- 
■cri|>tJoD,"  lie  observed,  "  tliis  ought  to  bo  the  Inst  kamm 
vf  IJbu  mountain ;  but  in  tliis  oUcmity  we  can  see  nothing." 
SiHiw  began  to  fall,  and  we  recommenced  our  joiuTiey, 
•glutting  the  rocks  and  climbing  again  along  tlie  edge. 
Anotliur  hour  brought  us  to  a  crest  of  clifTa,  at  which, 
to  onr  comfort,  the  kuuim  appeared  to  cease,  and  other 
eliiiihiug  i}aulitice  were  demanded  of  ds. 

On  tiie  Lyskamm  side,  iw  I  hBve  said,  re.5cue  would  l>e 
uat  of  the  ^ue^tion,  should  the  climber  go  over  the  edge. 
On  tiwi  other  aide  of  tlie  edge  rescue  seemed  possible. 
ll  the  atope,  as  slated  already,  was  most  dangerously 
1  now  aidted  Lauener  what  he  would  have  done, 
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HUpposing  my  footing  to  have  failed  on  the  latter  alopa 
He  did  uot  seem  to  like  the  question,  but  said  that  be 
should  have  considered  well  for  a  moment  and  thon  havs 
sprung  after  me;  but  he  exhorted  me  to  drive  all  sach 
thoughts  away.  I  laughed  at  liim,  and  this  did  more  to 
Ret  his  miud  at  rest  than  any  formal  profession  of  coamge 
could  have  done.  We  were  now  among  rookg :  we  climbed 
clifTs  and  descended  them,  and  advanced  sometimea  with 
our  feet  on  narrow  ledges,  holding  tightly  on  to  otlier  ledges 
by  our  fingers ;  sometimes,  cautiously  balanced,  we  mored 
along  edges  of  rock  with  precipieos  on  both  sides.  Once,  is 
getting  round  a  erag,  Lauener  shook  a  book  from  )m 
pocket ;  it  was  arrested  by  a  rock  about  sixty  or  eighty  fiset 
below  us.  He  wished  to  regain  it,  but  I  offered  to  supply 
its  place,  if  he  thought  tlie  descent  too  dangerous.  He  buA 
he  would  make  the  trial,  and  ported  from  mc.  I  thought 
it  useless  to  remain  idle.  A  cleft  was  before  me,  throagll 
which  I  must  pass ;  eo,  pressing  my  knees  and  back  ogainflt 
its  opposite  sides,  I  gradually  worked  myself  to  the  top.  X 
descended  the  other  face  of  the  rock,  and  then,  througlt 
a  second  ragged  fissure,  to  the  summit  of  another  pinnaclA 
The  highest  point  of  the  mountain  was  now  at  baud,  aepn 
rated  from  me  merely  by  a  short  saddle,  carved  by  wei 
tlieriug  out  the  crest  of  the  mountain.  I  could  hear  Laneni 
clattering  after  me,  tlirough  the  roi-ks  behind.  I  dropped 
down  upon  the  saddle,  crossed  it,  climbed  the  opposite  oli 
and  "  die  Hdchgk-  Spitze  "  of  Monte  Rosa  was  won. 

Lauener  joined  me  immediately,  and  we  mutually  Ml 
gratulated  each  other  on  the  anceess  of  the  ascent.  11 
residue  of  the  bread  and  meat  was  produced,  and  a  bottle 
leti  woa  also  appealed  to.  Mixed  with  a  little  rogtin 
Lauener  declared  that  he  had  never  taat^il  an>-tliing  like 
Snow  fell  thickly  at  iiitemda,  and  the  obscurity  vau  Ta 
grimt;  occasionally  tliis  would  lighten  and  pej^t  the  n 
to  shed  a  ghastly  dilute  light  upon  us  through  the 
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^Bot  it  in  a  comer  behind  a  ledge ;  the  shelter  was,  liow- 
«?«■,  inNiiRicieDt,  so  1  placed  my  bat  above  the  veeaeL 
The  boiling-point  was  1S4^'92  Fahr.,  the  ledge  on  which 
B  iustnunent  stood  being  5  feet  below  tlio  highest  point 
'  s  motuituia. 

I  asc«iit  from  the  Riffel  hotel  occupied  us  alxmt 
fren  hours,  nearly  two  of  which  were  spent  upon  Ui« 
kamm  and  creeL  Neither  of  us  felt  in  the  least  dt^ee 
fiuigueil ;  I,  indeed,  folt  so  fresh,  that  had  another  Monte 
I  been  planted  on  the  first,  I  sliould  have  continued 
I  dimb  without  hL-sitation,  and  with  strong  hopes  of 
;  the  top,  1  ex|)erieneod  no  trace  of  mountain 
hvsiiitude,  shortness  of  breath,  heart-beat,  or 
headache;  ueverthelcss  the  summit  of  Monte  Rosa  is 
15,284  feet  lugh,  being  less  than  500  feet  lower  than  Ifont 
Bliuic.  It  IB.  1  think,  perfectly  certain,  that  the  rarefaction 
of  the  air  at  this  height  is  not  sufficient  of  itself  to  pro- 
dnoo  tlie  symptoms  referred  to ;  physical  exertion  must  be 
^bttadded. 

^^■Aar  a  few  fitfid  efforts  to  dispel  the  gloom,  the  sun 
■iBpied  the  dominion  to  the  dense  fog  and  the  descending 
mow,  which  now  prevented  our  seeing  more  than  15  or 
'20  paros  in  any  direction.  The  temperature  of  the  crags 
ai  thu  summit,  which  had  been  shone  upon  by  the  nn- 
doiulctl  Buu  during  the  earlier  portion  of  the  day,  was 
DO'  Fahr. ;  henco  the  snow  melted  instjintly  wherever  it 
•  io  contact  with  the  rock.  But  soma  of  it  fell  uiwn 
klelt  hat,  wliich  had  been  placed  to  shelter  the  boiling- 
apjuiratus,  and  this  presented  the  most  remarkable 
ijbeuitiful  appearance.  The  fall  of  enow  wiis  in  fact  a 
:  of  frozen  flownrs.  All  of  them  were  six-leaved; 
■  oftiw  leaves  threw  out  lateral  ribs  like  foms,  some 
B  rounded,  others  arrowy  and  serrated,  some  wore  close, 
othen  reticulated,  bat  there  was  no  deviation  from  the  six- 
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leaved  type.  Natiire  fleemed  determined  to  make  i 
some  compensation  for  the  loss  of  all  proepect.  and  till 
ehowered  down  upon  ua  those  lovely  blosaoms  of  tlie  irost: 
and  had  a  spirit  of  the  mountain  inquired  my  choice,  th< 
view,  or  the  frozen  flowers,  I  should  have  hoBttat^ 
before  giving  up  that  exquisite  vegetation.  It  wag  wa 
derfal  to  think  of.  as  well  as  beautiful  to  behold.  Let  i 
imagine  the  eye  gifted  with  a  microscopic  power  sufficiei 
to  enable  it  to  see  the  molecules  which  composeid  the 
starry  crystals;  to  observe  the  solid  nucleus  formed 
floating  in  the  air ;  to  see  it  drawing  towartls  it  its 
atoms,  and  tliese  arranging  themselves  as  if  they  moved 
music,  and  ended  by  rendering  that  music  concrete.  Saiel| 
such  an  exhibition  of  power,  such  an  apparent  deDionsti» 
tion  of  a  resident  intelligenco  in  what  we  are  Ekcx^ustomed 
to  call  "  brute  matter,"  would  appear  perfectly  miracn^ 
loua.  And  yet  the  reality  would,  if  we  could  see  it, 
scend  the  fancy.  If  the  Houses  of  Parliament  were  buiU 
np  by  the  forces  resident  iu  their  own  bricks  and  Uthologto 
blocks,  and  without  tlio  aid  of  hodman  or  maa 
would  be  nothing  intrinsically  more  wonderful  in  the  pro- 
cesB  than  in  the  molecular  architecture  which  delighted  b 
upon  the  summit  of  Monte  Itosa. 

Twice  or  thrice  had  my  guide  warned  me  that  wo  nai 
thi]tk  of  descending,  for  the  »now  continued  to  fall  heavil] 
and  the  loss  of  our  track  would  \te  attended  with  intmlnenl 
[leri].  We  therefore  packed  up,  and  clambered  downwai^ 
among  the  crags  of  the  summit  We  soon  left  tl)e«t<  In 
hind  us,  and  as  we  stood  once  more  upon  the  kamni,  lonl 
ing  into  llie  gloom  lieneath,  an  avalanche  let  loMe 
the  side  of  an  adjacent  mountain  shook  thti  air  with 
thunder.  We  could  nfit  see  it,  ceuhl  form  no  estimate 
ita  distance,  could  only  hear  its  roar,  which  coming  tu 
tlirongb  the  darkness,  hod  an  undetlnablo  dement 
horror   in  it     LatM-uer  remarked,    "I  never  luMkr 
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HHngs  without  a  sbuHder ;    the   memory  of  my  brother 

^Knnes  Itack  to  me  at  the  same  time."     His  brother,  who 

was  Uie  bffflt  climber  in  the  Oberland,  had  been  literally 

broken  to  frt^tmentj!  by  an  avahmcho  on  the  slopes  of  the 

f[a  ]mI  beeii  sepamtti  coming  u]t,  eai'h  having  trusted 
1  liimMlf,  bat  the  descent  was  more  jterilous,  because  it  is 
k  diflicnlt  to  tix  the  heal  of  the  boot  than  the  toe  se- 
ttlj  in  the  ice.  Lauener  was  furnished  with  a  rojte. 
I  be  now  tied  round  my  waist,  and  forming  a  noose 
it  the  other  end.  be  slipped  it  over  his  arm.  This  to  me 
I  a  new  mode  of  atlachment.  Hitherto  my  guides  in 
dAOgerous  places  had  tied  the  ropes  round  their  waists 
•Iflo.  Simond  had  done  it  on  Mont  Blanc,  and  Bennen  on 
the  Fiiwlfinuirhorn,  proving  thus  their  willingness  to  share 
my  fate  wliatever  that  might  be.  But  hero  Lauener  had 
tb«  [K)WcT  nf  sending  me  adrift  at  any  moment,  should  his 
own  life  be  impeiilled.  I  told  liim  that  liis  mode  of  attach- 
Ueiit  vias  new  tu  me,  but  he  assured  me  that  it  would 
^BAre  him  more  ]>ower  in  case  of  accideut,  I  did  not  see 
^HBp  at  tb»  lime ;  bat  nolther  did  I  infiist  on  his  attaching 
^^pnaelf  in  the  usual  way.  It  could  neither  be  called 
anger  tut  pride,  but  a  warm  flush  ran  tlirough  me  as  1 
renuirkixt,  that  I  should  take  good  care  nut  to  test  bis 
pownr  of  Imldiug  mo.  I  Iieliave  I  wronged  my  guide  by 
ibe  sappoditiou  that  be  made  the  arrangement  with  refer- 
tauM  to  liis  own  safety,  for  all  I  saw  of  bim  afterwanis 
pfDVod  that  he  would  at  any  time  have  risked  bis  life  to 
«Te  niino.  The  tlu^i  however  did  me  good,  by  displaeing 
irtvry  trace  of  auxitity,  and  the  rope,  I  confess,  was  also  a 
MNure  of  some  comfort  to  me.  We  descended  the  kamm,  I 
lttiui|r  firet,  "  Secure  your  footing  before  you  move,"  waq 
mv  truide'e  couMtoiit  oxhortntiou, "  and  make  your  staff  firm 
sri!  sometimes  t 


I  stop." 


quite  c 


k  of    tbo   kamm  on   tbn  Ly^kamm  side,  and 
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followed  the  depressions  which  marked  our  track  along  tha 
cornice.  This  I  now  tried  intentioDally,  and  drove  th0 
handle  of  my  bxc  through  it  once  or  twice.  At 
places  in  descending  we  wt>re  upon  the  solid  ice, 
these  were  some  of  the  stoejiost  portions  of  the  Ita 
They  were  undoubtedly  perilous,  and  the  ntmost  cautioa 
was  necessary  in  fixing  the  staff  and  securing  the  footing. 
These  however  once  past,  we  felt  that  tlie  chief  danges 
was  over.  We  reached  the  termination  of  the  edge, 
although  the  snow  continued  to  fall  heavily,  and  obacuifl 
everything,  we  knew  that  our  progress  afterwards  was 
cure.  There  was  pleasure  in  this  feeling ;  it  was  an  agreeablfl 
variation  of  that  grim  mental  tension  to  which  I  had 
previously  wound  up,  but  which  in  itself  was  by  no 
disagreeable. 

I  have  already  noticed  the  colour  of  the  fresh  snow  apoi 
the  summit  of  the  Stelvio  pass.  Since  I  observed  it  then 
it  has  been  my  custom  to  pay  some  attention  to  tliis  poiu 
at  all  great  elevations.  This  morning,  as  I  ascended  Moot 
Bosu,  I  otten  examined  the  holes  made  in  tbe  snow  by  on 
batons,  but  the  light  which  issued  from  them  was  scarce^ 
pei-ceptibly  blue.  Now,  however,  a  deep  layer  of  fml 
snow  overspread  the  moimtain,  and  the  effect  wtis 
cent,  Along  the  kamm  I  was  continually  surprised  and 
delighted  by  the  blue  gleams  which  issued  from  the  brokea 
or  perforated  stratum  of  new  snow ;  each  hole  made  b 
the  stjifTwas  filled  with  a  light  as  pure,  and  nearly  as  dee] 
as  thiit  of  the  unclouded  firmament.  When  we  reacbe 
the  bottom  of  the  kamm.  Lnnener  came  to  the  front,  sn 
tramped  before  me.  As  his  feet  rose  out  of  tJio  bqow,  bo 
shook  the  latter  off  in  fragments,  sudden  and  wonderiil 
gleams  of  bluo  light  flashed  from  them.  Doubtless 
blue  of  the  sky  has  much  to  do  with  mountain  oolotmni 
but  in  tlie  present  instance  not  only  was  there  uo  bluealq 
but  the  air  was  so  thick  with  fog  and  doscendioiF 
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M,  tlint  yee  could  not  aea  twenty  yards  in  advance  of 
A  thick  fofj,  wliich  wrapjjed  the  mountain  quite 
ftly,  now  added  ita  gloom  to  the  ubspurity  caused  by 
I  falling  snow.  Before  we  readied  the  base  of  the 
intain  the  fog  became  thin,  and  the  buii  shone  through 
There  waa  not  a  breath  of  air  stirring,  and,  though 
I  stood  aukle-deep  in  snow,  the  heat  surpassed  anything 
i  the  kind  I  had  ever  felt :  it  was  the  dead  suffocating 
nith  uf  tho  interior  of  an  oven,  which  encompassed  ua 
i  all  sides,  and  from  which  there  seemed  no  L-8ca]>e. 
t  own  motion  through  the  air,  however,  cooled  us  con- 
f>ly.  We  found  the  snow-bridges  softer  than  in  the 
ig,  and  oonaequently  needing  more  caution ;  but 
i  encountered  no  real  ditficulty  among  them.  Indeed 
it  is  amusing  to  observe  the  indiflerence  with  which  a 
snow-roof  is  often  broken  through,  and  a  traveller  im- 
(iu>iBed  to  the  waist  in  the  jaws  of  a  fissure.  The  effort 
At  recovery  is  instuntaueous ;  half  instinctively  hands  and 
kiieea  are  driven  into  the  snow,  and  rescue  is  immediate. 

Ir  glacior  work  was  now  before  ua ;  after  which  we  reached 
opposite  mountain-sloiiG.  wliich  we  asceuded,  and  then 
t  down  tlie  Hank  of  the  Kiffelborg  to  our  hotel, 
to  the  afternoon  of  the  11th  I  made  an  attempt  alone 
toruMX'nd  the  Riffelhoro,  and  attained  a  considerable  height ; 
bat  I  mI  tucked  it  from  the  wrong  side,  and  the  fading 
light  forced  me  to  retreat.  I  found  some  agreeable  people 
al  the  hotel  on  my  return.  One  clergyman  especially, 
with  a  clear  complexion,  good  digestion,  and  bad  lungs — 
,  hearty,  and  genial  manner — mad«!  himself  ex- 
dj  pleasant  to  us  all.     He  ujjjieared  to  bubble  orer 
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with  enjoyment,  and  with  liim  and  oUiera  on  the  momin^ 
of  the  13th  I  walkoj  to  the  Giiraer  Grat,  as  it  lay 
the  way  to  ray  work.     We  bad  a  glorious  prospect  from 
tiie  Bummit:  indeed  the  assemblage  of  monutaiDs,  hi 
and  ice,  here  witbin  view  is  perbaps  witliout  a  rival  in  the 
worid.*     I  shouldered  ray  axe,  and   saying  "good-bye 
mnved  away  from  my  corapanions. 

"Are  yon  going?"  exclaimed  tlie  clergyman.  "Give 
ne  one  grasp  of  your  hand  before  we  part." 

This  was  the  aigiia!  for  a  grasp  all  round ;  and'  tbs 
hearty  human  kindness  which  thus  showed  itself  contri- 
buted  tJiat  day  to  make  my  work  pleaaant  in  me. 

We  proceeded  along  the  ridge  of  the  Hothe  Komm  to 
t  point  whidi  coramanded  a  fine  view  of  the  glacier.  The' 
ice  had  been  over  these  heights  in  ages  past,  for,  althno^ 
Uchene  covered  the  surfaces  of  the  old  rocks,  they  did 
disguise  the  grooves  and  scratcbiuga.  The  surface  of 
glacier  was  now  about  n  thoitscind  feet  below  us,  and  tiaa 
it  was  our  desire  to  attain.  To  reach  it  we  bad  to  descend 
a  succession  of  precipices,  which  in  general  were  weathered 
and  nigged,  but  Iiere  and  there,  where  the  rock  waa 
durable,  were  fluted  and  grooved.  Once  or  twice  indeed 
I  had  nothing  to  cUng  to  but  the  little  ridges  thna 
formed.  We  had  to  squeeze  ourselves  through  narrow 
fissures,  and  often  to  get  round  overhanging  ledges,  where 
our  main  trust  was  in  our  feet,  but  where  these  had  only 
ledges  an  inch  or  bo  in  width  to  jvst  upon.  Tliese  came 
were  to  me  the  most  unpleasant  of  all,  for  they  compeUed 
tlia  arms  to  take  a  position  which,  if  the  footing  gavo  way, 
would  necessitate  a  wrench,  for  which  I  entertain  coiuiih^r- 
able  abhorrence.  We  came  at  length  to  a  gorge  by  which 
L  the  mountain  is  rtiot  from  top  to  bottom,  and  into  wbicb 
I  we  endeavoured  to  descend.    We  worked  along  its  tim  Cot 

•  lu  IS5S  Mr.  E.  Vf.  Co(.ke  Eootk-  u  poncil-alcDb!!)  uf  Uiit  njtWvdH 
lirinnniiiui,  whidi  u  Uis  belt  uuil  tniVHl  tint  I  liaTit  jct  ari-in. 
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toe,  bat  fouQ<I  its  suooth  faces  too  deep.  We  retreated  ; 
leoer  strork  into  onotlier  track,  aiid  wUile  he  tested 
:  dowu  neat  aome  grafis  tufta,  which  llouriahed  on 
I  of  tlic  ledges,  and  found  the  tumijemture  to  he  as 
[uwb: — 

TomperatHTP  of  rock        . .        . .  42"  C. 

Of  ftir  an  inch  almve  thi?  rock    . .  32 

Ofairafoot  from  rook    ..        ..  22 

Of  graaa        25 

rt  of  these  numbers  does  not  fairly  represent  tlie 
rtnre  of  Ihc  rock,  as  the  thenuometer  coidd  be  in 
t  with  it  oiily  at  nne  side  at  a  time.     It  was  differ- 
»  gnoh  ae  thew  between  grase  and  stone,  producing  a 
i  atmosphere  of  difl'erent  densities,  that  weakened  the 
i  of  the  falls  of  the  Orinoco,  as  observed  and  explained 
r  Hnniboldt. 

Bt  a  process  of  "  trial  and  error  "  we  at  length  reached 
» IP©,  after  two  hours  had  been  spent  in  the  effort  to 
nttuiglo  onreclreB  from  the  crags.  The  glacier  is 
BCibly  tlimiit  at  this  place  againijt  the  jtrojecting  base 
I  the  momitain,  aiui  the  stnicture  of  tho  ice  corre- 
Tiy  developed.  Crevasses  also  intersect  the  ice, 
!  the  blue  veins  cross  them  at  right  angles.  1  as- 
1  the  glacier  to  a  region  where  the  ice  was  com- 
I  and  greatly  contorted,  and  thought  that  in  some 
I  could  SCO  the  veins  crossing  the  lines  of  stra- 
lation.  Once  my  guide  drew  my  attention  to  what  lie 
I  gonilerbareg  Loch"  On  one  of  tho  slopes  an 
bwny  was  fonned  which  ap{>eared  to  lead  into  the  body 
li'dM)  glacier.  \A'e  entered  it,  and  explored  tho  cavern  to 
ltd  end.  The  walls  were  of  transparent  bine  ice,  singularly 
free  fW>ui  air-bnhbles ;  Imt  where  tlie  nwf  of  the  cavern 
■  thin  enough  to  allow  the  sun  to  sliino  feebly  through 
k'tbe  trajisniitt«d  light  was  of  a  pink  colour,     Sty  guide 
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expressed  himself  surprised  at  d(u  **  rdthliehe  Schdn,**  At 
one  place  a  plate  of  ice  had  been  placed  like  a  ceiling 
across  the  cavern ;  but  owing  to  lateral  squeezing  it  had 
been  broken  so  as  to  form  a  V.  I  found  some  air-bubbles 
in  this  ice,  and  in  all  cases  they  were  associated  with 
blebs  of  water.  A  portion  of  the  "  ceiling,"  indeed,  was 
very  full  of  bubbles,  and  was  at  some  places  reduced,  by 
internal  liquefaction,  to  a  mere  skeleton  of  ice,  with  water- 
cells  between  its  walls. 

High  up  the  glacier  (towards  the  old  Weissthor)  the 
horizontal  stratification  is  everywhere  beautifully  shown. 
I  drew  my  guide's  attention  to  it,  and  he  made  the 
remark  that  the  perfection  of  the  lower  ice  was  due  to  the 
pressure  of  the  layers  above  it  "  The  snow  by  degrees 
compressed  itself  to  glacier."  As  we  approached  one  of 
the  tributaries  on  the  Monte  Bosa  side,  where  great  pres- 
sure came  into  play,  the  stratification  appeared  to  yield 
and  the  true  structure  to  cross  it  at  those  places  where 
it  had  yielded  most.  As  the  place  of  greatest  pressure 
was  approached,  the  bedding  disappeared  more  and  more, 
and  a  clear  vertical  structure  was  finally  revealed. 
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GOEKEE   GRAT    AND    THE    RIFFELROBN. 
MAGNETIC  PHENOMENA. 

(20.) 

'  an  early  hour  on  Saturday,  the  14Ui  of  Ai]gust,  I 
beanl  the  Borvant  exclaim,  "JJas  Wetter  ist  wmider»chvn ;" 
which  good  news  caused  me  to  spring  from  my  bod  and 
pKiNiiv  to  meet  the  mnm.  The  miige  of  summits  at  the 
vppoatei  side  of  the  valloy  of  8t.  Nicholas  was  at.  first 
qnite  cJenr,  but  as  the  sun  ascended  light  cumuli  formed 
round  tlioiii,  inpreasiug  in  density  up  to  a  certain  point; 
below  these  clouds  the  air  of  the  valley  was  transpareut ; 
Above  tliem  tlie  air  of  heaven  was  still  more  so ;  and  thus 
they  «wUDg  midway  between  heavt'n  and  earth,  ranging 
thotaselvos  in  a  level  line  along  the  necks  of  thu  mouu- 
taiiu. 

Kit  might  bo  supposed  that  the  presence  of  the  sun 
■ting  the  air  would  tend  to  keep  it  more  tmns])arent, 
increasing  its  capacity  to  digsolvc  all  visible  cloud ;  and 
tiiia  tndecd  is  the  true  action  of  tlie  sun.  But  it  is  not 
the  only  action.  His  rays,  as  he  climbed  the  eastern 
heaveu,  shot  more  and  more  deeply  into  the  valley  of 
St.  Nicholas,  the  moisture  of  wbicJi  rose  as  invi-siblc 
Tttjtour,  remaining  imseen  as  long  as  tlie  air  [wssi'ssetl 
mJlicient  wannth  Ui  keep  it  in  tlie  Taporous  state.  High 
lip,  however,  the  cold  crags  whicli  had  lost  their  heat 
by  radiation  the  night  before,  acted  like  condensers 
iljioii  the  iwccnding  vapour,  and  caused  it  to  curdle  into 
viailiU  fog.  'I'he  current,  however,  continued  ascensi- 
onal, ami  the  clouds  were  slowly  lifti4  above  the  tallest 
r-JWiUcA,  where  they  arranged  themselves  to  fantastic  forms, 
""    ;  and  changing  shape  tut  they  gradually  melted 
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away.  One  peak  stood  like  a  field-offieer  with  hifl  cap 
raised  above  his  heiid,  others  seut  straggling  cloud-balloonil 
upwards ;  but  ou  watching  these  outlyers  they  were  gm* 
dually  seen  to  disappear.  At  first  they  slione  like  n 
ill  the  sunlight,  but  as  they  became  more  attenuated  they 
changed  colour,  passing  through  a  dull  red  to  a  dasky 
purple  hnc,  until  finally  they  left  no  trace  of  thiiir 
exiatenee. 

As  the  day  advanced,  warming  the  rocks,  the  doads 
wholly  disappeared,  and  a  hyaline  air  formed  the  settitip 
of  loth  glaciers  and  mountains.  I  climbed  to  the  Gorner 
(rrat  to  obtain  a  g<?:neral  view  of  the  surrounding  wwne,- 
Looking  towards  the  origin  of  the  Gomer  glocier  the  riew 
was  bounded  by  a  wide  col,  upon  which  stood  two  lovrfy 
rounded  eminences  enamelled  with  snow  of  perfect  parity* 
They  shone  like  burnished  silver  in  the  sunlight,  as  i 
their  surfaces  had  been  melted  and  recongealod  to  frosted' 
mirrors  from  which  the  rays  were  Hong.  To  the  rt^l 
of  these  were  the  hounding  crags  of  Stonte  Hosa,  an 
then  the  body  of  the  mountain  itself,  with  its  crest  u 
crag  and  coat  of  snows.  To  the  right  of  I^lonte  Bon, 
and  almost  rivalling  it  in  height,  was  the  vast  oui 
of  the  Lyskamm,  a  rough  and  cToggj-  mountain, 
whose  ledgxis  clings  the  snow  wliicli  cajuiot  gnup  i 
steeper  walls,  sometimes  leaning  over  them  in  imjM!Ddin{( 
precipices,  which  often  break,  and  send  wild  avalan'-hes 
into  tlie  space  below.  Between  the  Lyskamm  and  Moota 
Bosa  hes  a  lai^  wide  valley  into  which  botli  miuiutains 
pour  their  snows,  forming  then?  the  Western  glacier  c 
Uimte  Rosa — a  noble  ice  stream,  wliich  from  its  i 
nitnde  and  pomiajience  deserves  to  impoitv' 
I  Open  the  trunk  gUicier.  It  extends  downwards  from  tha 
I  col  which  unites  the  two  mounUuns ;  riven  and  broken 
L  at  iKime  places,  but  at  ntbeni  stretching  wliiie  and  purf 
dowu  to  its  snow-line,  where  the  tnie  glnciur  e 
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From  the  rounded  Bhouldere  of  the  Twin  Castor 

oier  descduds,  «t  first  white  and  shining,  then  8ud- 

broken  into  faults,  tissnres,  and  precipices,  which 

>  repaired,  and   the   glacier  joina   that  of 

Koea   before  the  junction  of  the  latter  with  the 

c  stivam.     Nest  came  a  boss  of  rock,  with  a  secondary 

r  clittgini^  U)  it  as  if  plastered  over  it,  aud  aftiir  it 

■Schwarze  glacier,  Wunded  on  one  side  by  the  Breithom, 

1  the  other  by  the  Twin  Pollus.     This  glacier  is  of 

bderable  magnitude.     Over  its  upper  portion  rieo  the 

lences,  pure  and  white ;  then  follows  a  smooth  and 

5  space,  after  parsing   whinh  tlie  neo^  is   torn 

(  a  collection  of  peaks  and  chaains;    the»e,  how- 

,  are  mended  lower   down,  and   the   glacier    moves 

nthly  and  calmly  to  meet  ite  brothers  in  the  main 

by.     Next  comes  the  Trifli  glacier.*  embrai-ed  on  all 

'  y  the  rocky  arms  of  the  Breithom  ;  itjs  mass  is  not 

great,  but   it   desceuds   in  a  graceful  sweep,  and 

bits  towards  its  extremity  a  succession  of  beautiful 

Afterwards  we  have  the    glacier  of  the  Petit 

t  CerviD  and  those  of  St  Tlieodulo,  which  latter  are 

t  that  empty  their  frozen  curgos  into  the  valley 

!  Gomer.      All   the   glaciers   here   mentioned  are 

1  together  to  a  coiumon  trunk  which  squeeitcs  itself 

I  the  narrow  defile  at  tbe  base  of  the  Rifi'eDioni. 

Dafttfrwiirds  the  moraines  bet^olne  confused,  the  gUwier 

^  stvei'ly   to  its   terminatiim,   aud   ploughs   up   the 

ns  in  fk-ont  of  it  with  its  irn>sii$tiL>le  tthare. 

line   with   tlio   Itiffelhom,   and   rising  over  the 

r  80  high  as  to  make  it  almost  vauisli  by  compariaon. 

t  Titan  obelisk  of  the  jVlatterhom,  from  the  base  of 

1  tbe  Furgge  glacier  struggles  downwards.     On  the 

r  ode  are  the  Zmutt  glacier,  the  8cbonbuhl,  and  the 

.    Sometimes,  iionct er,  I  haTe 
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I  Eochwftng,  from  the  Dent  Blanche ;  the  Gabelhom  and 

I  Trift  glaciers,  from  the  Biiiumite  whieh  bear  those  names. 

I  Then  come  the  glaciers  of  the  Weisshom.     Deacribing  a 

1  curve  still  farther  to  the  right  we  alight  on  the  penka 

of  the  Mischahel,  dark  and  craggy  iireripires  from  this 

aide,  though  from  the  j^ggisehhom  they  appear  as  cone* 

of  3UOW,     Sweeping  by  th«  Alphuhel,  the  Alialeinhom, 

the  Ryrapfischom,  and  Strahlhom — all  of  them  majestic— 

WB  roach  the  pass  of  the  Weissthor,  and  the  Cima  di 

Jazzi.     Xliia  completes   tlie   glorious   circuit  within    the 

observer's  view, 

1  placed  my  compass  upon  a  pioce  of  rock  to  find  th« 

'  bearing  of  the  Gomer  glacier,  and  was  startled  at  seeing 

the  sun  and  it  at  direct  variauc«.     What  the  mm  declared 

to  be  north,  the  needle  affirmed  to  be  south.     1  at  first 

eupposed  that  the  maker  had  placed  tlie  S  where  the  N 

'  ought  to  be,  and  vice  vemd.    On   shiftmg  my  position, 

\  however,  the  needle  shifted  also,  and  I  saw  immediately 

that  the  effect  was  due  to  the  rock  of  the  Grat,     Some- 

times  one  end  of  the  needle  dipped   fort-ibly,   at   other 

1  -places  it  whirled   suddenly  round,  indicating  an   cntira 

]  change  of  polarity.     The  rock  was  evidently  to  be  re* 

I  garded   as  an   assemblage   of  magnets,   or   as  a  single 

magnet  fuU  of  "consequent  points."     A  distance  of  tran^ 

port  not  exceeding  an  inch  was,  in  some  cases,  sufficjenf 

to  reverse  the  jiosition  of  the  nefdle.     I  held  the  needla' 

between   the   two  sides  of  a  long  fissure   a   foot  wido. 

The  needle  set  aloTig  the  fissure  at  some  places,  while  f 

.  others  it  set  across  it.     Sometimes  a  little  jutting  knob 

I  would  attract  the  north  en'l  of  the  needle,  while  a  Hlnaely 

adjacent  little  knob  would  forcibly  repel  it,  and  HttiBOt 

\  the  south  end.     One  extremity  of  a  ledge  three  feut  lon^ 

I  was  north  magnetic,  thu  other  end  was  south  moguotJoj 

while  a  neutral  point  existed  midway  between  boUi,  i ' 
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liaving  therefore  tlie  exaot  polar  tmrnogumeut  of  l 
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bar-magnet.    At  the  highest  point  of  the  rook 
I  action  appQured  to  be  most  intense,  but  I  also  found 
lergetic  pohirity  in  a  mass  at  some  distance  below  the 
ait. 

memWrinff  tlmt  Professor  Forbes  had  noticed  some 
r  magnetic  effect  upon  the  Riffelliom,  I  resolved  to 
Descending  from  the  Grat  we  mounted  the 
H  which  form  the  base  of  the  born ;  tliese  are  soft  and 
■  &om  th«  quantity  of  mica  which  they   contain ; 
tgher  rocks  of  the  honi  ore,  however,  very  dense  and 
The  ascent  is  a  pleasant  bit  of  mountain  practice. 
cUmbed  the  walls  of  nx^k,  and  wound  round  the  ledsres, 
;  the  aEBailable  points.     I  tried  the  magnetic  coiicli- 
f  the  rocks  as  we  ascended,  and  found  it  in  general 
In  other  respects  the  Eiffelhom  is  a  most  re- 
table  mass.     The  ice  of  the  Gorner  glacier  of  former 
h  rose  hundreds,  perhaps  thousands  of  feet  above 
lent  level,  encountered  the  bom  in  its  descent,  and 
;  by  the  latter,  a  diversion  of  the  ice  along  the 
f  the  peak  being  the  consequence.     Portions  of  the 
jtical  walls  of  tlie  horn  are  polished  by  thia  action  as  if 
'  had  come  from  the  bands  of  a  lapidary,  and  the 
liingM  ore   as  sharp  and   definite   as   if  dran'n    by 
of  steel.     I   never  saw  scrat'^lungs  so    perfectly 
[red :  the  iinest  lines  are  as  clear  as  the  deepest,  a 
qoence  of  the  great  density  and  durabibty  of  the 
The  latter  cvidontly  contains  a  good  deal  ot>iron, 
I  soriiico  near  the  summit  is  of  the  rich  brown  red 
t  the  peroxide  of  the  metaL     Wheu  we  fairly  got 
»  the  precipices  we  left  our  hatchets  behind  us,  trust- 
vqnently  to  our  hands  and  feet  alone.    Squeezing, 
clinging,  and  climbing,  in  due  time  we  found 
8  upon  the  summit  of  the  horn. 
li  of  stones  had  been  erected  near  the  point  where 
[  the  top.     I  examined  the  stones  of  this  pile, 
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I  aod  found  them  strongly  polar.     The  Burroimding  rocks 
I  also  showed  a  violent  action,  the  needle  oaciUating  qnicklv. 
I  and  sometimes  twirling  swittly  round  upon  a  sitfrht  (Juuige 
of  position,     Tlie  fragments  of  rock  scatttred  about  were 
I  aUo  polar.     I^ong  ledges  shewed  north  ma<rnetiHin  for  a 
considerable  length,  and  again  for  an  eqiinl  U-ngth  soulb 
maguetiam.     Two   parallel  ntasses  Bepurated  from  each 
other  by  a  fissure,  showed  the  same  maguetie  distribution. 
While  I  was  engaged  at  one  end  of  the  horn.  Lanenpr 
wandered   to   the   other,   on  which   etood  two  or  thrw 
I    hommea  de  pietreg.     He  was  about  disturbing  some  of  the 
I    stones,  when  a  yell  from   mo   iiurjmsed  him.     In   fact, 
I    the  thought  had  occurred  to  me  that  the  magnetism  of 
I    the  horn  had  been  developed  by  lightning  striking  upon 
it,  and  my  desire  was  to  examine  those  points  which  were 
moBt  exposed  to  the  discharge  of  the  atmospheric  electri- 
city ;  hence  my  shout  to  my  guide  to  let  the  stones  Hlone< 
I  worked  towards  the  other  end  of  the  bom,  exanii 
I    the  rocks  in  my  way.    Two  weathered  prominences,  whicll! 
Beemed  very  likely  recipients  of  the  lightning,  acted 
lently  ii[ion  the  needle.     I  oometimea  descended  a  Uttlv' 
1    way,  ami  found  that  among  the  rocks  below  the  sammit 
'     the  action  was  greatly  enfeebled.     On  reaching  nnotlieS 
very  prominent  point,  I   found   it«  extremity  all  nortlt 
polar,  bnt  at  a  little  distance  was  a  cluster  of  cooaequenl 
])oint6,  among  which  the  transport  of  a  few  inelwa  WH 
sufiji^ent  to  turn  the  needle  round  and  round. 

The  piles  of  stone  at  the  Zenuatt  end  of  the  horn 

not  seem  so  strongly  polar  as  the  pile  at  the  other  eni^ 

I     which  was  liigher ;  still  a  strong  jiolar  action  was  t 

I     fested  at  many  points  of  the  snrroun<]ing  rocks.     Havinj 

I     completed  tlie  examiuutiou  of  the  summit,  I  de^cenda 

I     the  horn,  and  examined  its  magnetic  coudilioti  as  I  wi 

along.     It  seemed  to  me  that   the  jutting  prumlneD 

always  exhibited  the  strongest  action,     1  do  not  iadi 
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^■■ember  aoy  caae  in  whitrh  a  etTong  action  did  not  ex- 
^^Ui  itoelf  at  the  ends  of  the  tenacee  which  constitute 
Mfae  horn.  In  all  cases,  however,  the  rock  acted  as  a 
rnuober  of  magnets  huddled  coitfusedly  together,  and  not 
as  if  its  entire  mass  was  endowed  with  magnetism  of  one 
blud. 

On  the  evening  of  the  same  day  I  examined  the  lower 
^Hir  of  the  Riffelhoni.  Amid  its  flssures  and  guUeys  one 
feela  as  if  wandering  through  the  niins  of  a  vast  castle  or 
fortification;  the  precipices  are  so  like  walls,  and  the 
scratt-huig  and  polishing  so  like  what  might  be  done  by 
the  hands  of  man.  I  found  evidences  of  strong  polar 
action  in  siime  of  the  rocka  low  down.  In  the  same  con- 
tinuous mass  the  action  would  sometimes  exhibit  itself 
over  an  area  of  small  extent,  while  the  remainder  of  the 
rock  showed  no  appreciable  action.  Some  of  the  boulders 
cast  down  from  the  summit  exhibited  a  strong  and  varied 
polarity.  Fig.  8  is  a  sketch  of  one  of  these ;  the  barbed 
end  of  each  arrow  repre- 
sents the  north  end  of  the 
needle,  which  assumed 
the  various  poaitionH 
^own  in  the  figure.  Mid- 
way down  the  spur  I 
I%hted  upon  a  trans-  n 
verse  wall  of  rock,  which 
formed   in  earlier   ages  ng. «. 

the  boundary  of  a  lateral  outlet  of  the  Gomer  glacier.  It 
was  red  and  hard,  weathered  rough  at  some  places,  and 
polished  smixith  at  others.  The  lines  were  drawn  finely 
upon  it,  but  its  outer  surface  appeared  to  be  peeling  off 
like  a  crust ;  the  polished  layer  rested  upon  the  rock  like 
a  kind  of  enamel.  The  action  of  the  glacier  appeared  to 
resemble  that  of  the  break  of  a  locomotive  upon  rails,  both 
being  cases  of  exfoliation  brought  about  by  pressure  and 
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frictioii.  Tliie  wall  measured  twenty-eight  j-atde  acrouf 
and  one  end  of  it,  for  a  distance  of  ten  or  twelve  yards,  v 
all  north  polar;  the  other  end  for  a  similar  distance  v 
Bouth  polar,  but  there  was  a  pair  of  cooseqiient  {tointe  nt 
its  centre. 

To  meet  the  cnee  of  my  youn;:;  readers,  I  will  here 
say  a  few  words  about  the  magnetic  force.  The  commoa 
magnetic  needle  points  nearly  north  and  sonth ;  »ud  if  a 
bit  of  iron  be  brought  near  to  either  end  of  tlie  needlaf 
they  will  mutually  attract  each  other.  A  piece  of  1^ 
will  not  show  this  effect,  dot  will  copper,  gold,  nor  tdlveri 
Iron,  in  fact,  is  a  magnetic  metal,  which  the  others  are  tiofa 
It  is  to  be  particularly  observed,  that  the  bit  of  iron  [ 
tracts  both  ends  of  the  needle  when  it  is  presented  to  ti 
in  succession ;  and  if  a  common  steel  sewing  needle  I 
substituted  for  the  iron  it  will  be  seen  that  it  also  has  tl 
power  of  attracting  both  ends  of  the  magnetic  needle.  Bo* 
if  the  ne«dle  be  rubbed  once  or  twice  along  one  enj 
of  a  magnet,  it  will  be  foimd  that  one  of  its  ends  v'tSi 
afterwards  repel  a  certain  end  of  the  magnetic  aeodle  a 
attract  the  other.  By  rnbbing  the  needle  on  the  magnet, 
we  thus  develop  both  attruttion  and  repolsioi^,  and  thit 
double  action  of  the  magnetic  force  is  called  its  polarity  f 
thus  the  steel  which  was  at  first  simply  magnetic,  is  noir 
magnetic  u»d  polar. 

It  is  the  aim  of  persons  making  magnet^  tliat  each  mag 
net  sloidd  have  but  (wo  poles,  at  its  two  ends  ;  but  it  is  quit 
easy  to  develop  in  the  same  piin*  of  steel  several  ptuis  ( 
poles;  and  if  the  magnetization  be  irregular,  tliis  isKOjiu 
times  done  when  we  wish  to  avoid  it  Theae  irregalai 
poles  are  called  consequent  points. 

Now  1  want  my  young  reader  t«  undeTstand  that  it  i 
not  only  because  the  rocks  of  the  Gomur  Grat  and  lUQeb 
horn  contain  iron,  that  they  exhibit  the  action  which  I 
have  described.     They  are  not  only  ma^ielic. 
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Ston  ia,  but,  like  the  monetized  st«el  needle,  they  are  mag- 
Iwitic  and  polar.  And  theae  poles  are  irregularly  dis- 
H'tributed  like  the  "  consequent  points"  to  whii'h  I  have 
JKferreil.  and  this  ia  the  reason  why  I  have  used  the  term. 

Professor  Forbes,  as  I  have  already  st»itfd,  waa  the  firttt  to 
j  notice  the  efl'ect  of  the  Biflelhom  ui>on  tlie  magnetic  needle, 
l'  hit  he  seems  to  havo  supposed  that  the  entiro  mass  of  the 
mountain  exercised  "  a  local  attraction"  upon  the  needle ; 
(opMi  which  end  he  does  not  say).  To  enable  future  observers 
to  allow  for  tliis  attraction,  he  took  the  bearing  of  several  of 
tin  surrounding  mountains  &om  the  GifTelliom  ;  but  it  ia 
TOy  probable  tliat  had  he  changed  his  position  u  few  inches, 
ttdperfe-ctly  certain  had  he  changed  it  a  few  yards,  he  would 
iare  found  a  set  of  bearings  totally  different  from  those 
wiiich  he  has  recorded.  The  closo  proximity  and  irregular 
distribution  of  its  consequent  points  would  prevent  the 
Biffelhom  from  exerting  any  appreciable  influence  on  a 
dittmt  juxdk,  as  in  this  ease  the  local  poles  would  effectu- 
:  ally  neutralize  each  other. 

On  the  morning  of  the  luth  the  Riffelberg  was  swathed 
in  a  dense  fog,  through  which  heavy  rain  showered  inces- 
santly. Towards  one  o'clock  the  continuity  of  the  gray 
tnoss  was  broken,  and  sky-gleams  of  the  deepest  blue 
irere  seen  through  its  apertures ;  these  would  close  up 
sgstni  and  others  open  elsewhere,  as  if  the  fog  were 
fighting  for  existence  with  the  sun  behind  it.  The  sun, 
however,  triumphed,  the  mountains  came  more  and  more 
into  view,  and  finally  the  entire  air  was  swept  clear.  I 
went  up  to  the  Corner  Grat  in  the  afternoon,  and  examined 
more  closely  the  magnetism  of  its  rocks ;  here,  as  on  the 
Rifl'elhom,  I  found  it  most  pronoimced  at  the  jutting  jiro- 
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miiieuceB  of  the  Crrat.  Can  it  be  tliat  the  Biiperior 
sure  is  more  favourable  to  the  formation  of  the 
oxide  of  iron  ?  I  secured  a  number  of  &agments,  vl 
Htill  puBsess,  and  which  act  forcibly  upon  a  magnetic  m 
The  sun  vibb  near  tho  western  horizon,  and  I  rei 
alone  upon  the  Gnit  to  see  hia  last  beams  illumioate 
mountains,  which,  with  one  exception,  were  without  a  b 
of  cloud.  This  oxception  was  the  Matterhom,  the  wppHit 
auce  of  which  was  extremely  iQetnictive.  The  obeUdt 
appeared  to  bo  divided  in  two  halves  by  a  Tertical 
drawn  from  its  summit  half  way  down,  to  the  windwud  of 
which  we  had  thi'  ham  cliffs  of  the  mountain ;  and  to 
left  of  it  a  cloud  which  ap^ieared  to  cling  tenaciously  to  tba 
rocks.  In  reality,  however,  tljere  was  no  clingijig ;  the  oob* 
densed  vapour  incessantly  got  away,  but  it  was 
renewed,  and  tlnisi  a  river  of  cloud  had  been  sent 
the  mountain  over  tlio  valley  of  Ansta.  The  wind  in  bet 
blew  lightly  up  the  valley  of  St.  Nicholas  charged  with 
moisture,  and  wlieii  the  air  that  held  it  rubbed  against  the 
cold  cone  of  tlie  Jlattcrhorn  the  vapour  was  clulled  Koi 
precipitated  in  hia  lee.  The  summit  seemed  to  snuike 
sometimes  like  a  burning  mountain ;  for  immediately  after 
its  generation,  tlio  i'lig  wiiw  draiin  awiiy  in  long  tikmeats 
by  tlic  wind.  As  the  sun  sank  lower  the  ruddiness  at  ius 
light  augmented,  until  these  filaments  resembled  streamoB 
of  flame.  The  sun  sank  deeper,  the  light  was  gradually 
withdrawn,  and  where  it  had  entirely  vanished  it  left  the 
mountain  like  a  desolate  old  man  whose 


For  a  moment  after  the  sim  had  disappeared  the  scene  was 
amazingly  grand.  The  distant  west  was  ruddy,  copious  gray 
smoke-wreaths  were  wafted  from  the  mountains,  while  hi^ 
overhead,  in  an  atmospheric  region  which  seemed  perfectly 
motionleSB,  floated  a  broad  thin  clotid,  dyed  with  the  licheBt 
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The  colours  were  of  the  same  character  as 

which  I  had  seen  upon  the  Aletsi'liom,  being  due  to 

ice,  and  in  point  of  splendour  and  variety  far 

led  anything  ever  produced  by  the  mere  coloured 

of  the  setting  8UU. 

the  16th  I  was  early  upon  the  glacier.  It  had  frozen 
during  the  night,  and  the  partially  liberated  streams 
in  many  cases,  over  their  own  ice.  I  took  some 
plates  from  under  the  water,  and  found  in  them 
ms  hqiiid  cells,  each  associated  with  an  air-bubble 
lYacuous  spot.  The  most  common  shape  of  the  cells 
regular  hexagon,  hut  tliere  were  all  forms  between 
rfect  hexagon  and  the  perfect  circle.  Many  cells 
crimped  borders,  intunating  that  their  primitive 
was  that  of  a  flower  with  six  leaves.  A  plate  taken 
ice  which  was  defended  from  the  sunbeams  by  the 
of  a  rock  bod  no  such  cells ;  so  that  those  that  I 
were  probably  due  to  solar  radiation. 
first  aim  was  to  examine  the  structure  of  the 
■horn  glacier,  which  deacenda  the  breast  of  Monte 
.til  it  is  abruptly  cut  off  by  the  g^eat  Western  glacier 
mountain.  Between  them  is  a  moraine  which  is  at 
terminal  as  regards  the  former,  and  lateral  as  regards 
&e  latter.  The  ice  is  veined  vertically  along  tbo  mo- 
itme,  the  direction  of  the  structure  being  parallel  to  the 
latter,  I  ascended  the  glacier,  and  found,  as  I  retreated 
from  the  place  where  the  tlirust  was  most  violent,  that  the 
structure  became  more  feeble.  From  the  glacier  I  passed 
to  the  rocks  called  auf  der  Platte,  so  as  to  obtain  a  general 
new  of  its  terminal  portion.  The  gradual  perfecting  of 
the  structure  as  the  region  of  pressure  was  approached 
was  very  manifest :  the  ice  at  the  end  seemed  to  wrijikle 
up  in  obedience  to  tlie  pressure,  the  structural  furrows, 
from  being  scarcely  visible,  became  more  and  more 
decided,  and  the  lamination  underneath  correspondinglv 
H  2 
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proDOuiR-ed,  iiutil  it  finally  attataed  a  state  of  ^reat 
fection. 

I  now  quitted  the  rocks  and  walked  straight  acrow 
the  Western  glacier  of  Moiite  I!osa  to  its  centre,  where 
I  found  the  structure  scarcely  visible.  I  next  faced  the 
(JtimtT  Grat,  and  walked  down  the  glacier  towards  tbtf 
momiue  which  divides  it  from  the  Gorner  glacier.  The 
mechanical  conditions  of  the  ice  here  are  quite  evident; 
each  step  brought  me  to  a  place  of  greater  pressure,  and 
also  to  a  place  of  more  highly  developed  stnicture,  until 
finally  near  to  the  moraine  itself,  and  running  parallel  t« 
it,  a  magnificent  lamination  was  developed.  Here  the 
superficial  groovings  could  be  traced  to  great  distances, 
and  beside  the  moraiue  were  boulders  poised  on  pedestals 
of  ice  through  which  the  blue  veins  ran.  At  some  places 
the  ico  had  been  weathered  into  laminie  not  more  tiian 
a  line  in  thickness. 

I  now  recroased  the  Monte  Rosa  glacier  to  ita  junctioi 
with  the  Schwartze  glacier,  which  descends  l>etween 
Twins  and  Breithom.  The  structure  of  the  Monte 
glacier  is  here  far'  leas  pronounced  than  at  the  otfas 
side,  and  the  pressure  which  it  endures  is  also  manif«6tl< 
less;  the  structure  of  the  Schwartze  glacier  ia  f^^ 
developed,  being  here  parallel  to  its  moraine.  The  difia  0 
the  Breithorn  are  much  exposed  to  weathering  action,  am 
boiddcrs  are  copiously  showered  down  upon  the  adjacen 
ice.  Between  the  Schwartze  glacier  and  the  glacic 
which  descends  from  the  breast  of  the  BreitJiom  il 
these  blocks  ride  upon  a  spine  of  in.-,  and  form  a  mon 
of  grand  proportions.  From  it  a  fine  view  of  the  glAcifl 
is  attainable,  and  the  gradual  development  of  ita  stmcttn 
as  the  region  of  inaximtim  preeeoire  is  approached  in  Tar 
plain.  A  number  of  gracefully  curved  undulations  swi 
across  the  Breithom  glacier,  which  are  squeezed  ta 
closely  together  as  the  moraine  is  approachod.  All  ibo  j 
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that  descend  from  the  flanking  mountains  of  the 
ler  valley  are  suddenly  turned  aside  where  they  meet 
great  trunk  stream,  and  are  reduced  by  the  pressure 
Harrow  stripes   of  ice   separated  from   each  other  by 

iel  moraines. 

I  ascended  the  Breithom  glacier  to  the  base  of  an  ice- 
hn,  oa  one  side  of  which  I  found  large  crumples  produced 
by  the  pressure,  the  veined  structure  being  developed  at 
right  angles  to  the  direction  of  the  latter.  No  such  struc- 
tnre  was  visible  above  this  place.  The  crumples  were  cut 
by  fiaauree,  perpendicular  to  which  the  blue  veins  ran. 
I  BOW  quitted  the  glacier,  and  clambered  up  the  adjacent 
llp^  from  which  a  fine  view  of  the  general  surface  was 
■ttsinabla  As  in  the  case  of  the  Giimerhom  glacier,  the 
gra^iu^  perfecting  of  the  structure  was  very  manifest ; 
the  dirt,  which  first  irregularly  scattered  over  the  surface, 
gradually  assumed  a  striated  apiiearance,  and  became 
more  and  more  decided  as  the  moraine  was  approached. 
I  now  descended  from  the  alp,  and  endeavoured  to  measure 
some  of  the  undulations;  proceeding  afterwards  to  tlie 
jmiction  of  the  Breithom  glacier  with  that  of  St,  Th^odule. 
The  end  of  the  latter  appears  to  be  crumpled  by  its 
thrust  against  the  former,  and  the  moraine  between  them, 
instead  of  being  raised,  runs  along  a  hollow  whicli  is 
flanked  by  the  crumples  on  either  side.  The  Breithom 
glacier  becjime  more  and  more  attenuated,  until  finally  it 
actually  vanished  under  its  own  moraines.  On  the  sides 
of  the  crevasses,  by  wliich  the  Thiodule  glacier  is  here 
intersected,  I  thought  I  could  plainly  see  two  systems  of 
veins  cutting  each  other  at  an  angle  of  fifteen  or  twenty 
degrees.  Reaching  the  Corner  glacier,  at  a  place  wliere 
its  dislocation  was  very  great,  I  proceeded  down  it  past 
the  Biffelhom,  to  a  point  where  it  seemed  possible  to  scale 
the  opposite  mountain  wall.  Here  I  crossed  the  glacier, 
treading  with  the  almost  caution  along  tlie  combs  of  ice, 
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and  winding  through  the  entanglement  of  creyasseB  until 
the  spur  of  the  Biffelhom  was  reached ;  this  I  climbed 
to  its  summit,  and  afterwards  crossed  the  Green  Alp  to 
onr  hotel 

The  foregoing  good  day's  work  was  rewarded  by  a  somid 
sleep  at  night  The  tourists  were  called  in  successioD 
next  morning,  but  after  each  call  I  instantly  subsided 
into  deep  slumber,  and  thus  healthily  spaced  out  the 
interval  of  darkness.  Day  at  length  dawned  and  gradually 
brightened.  I  looked  at  my  watch  and  found  it  twenty 
minutes  to  six.  My  guide  had  been  lent  to  a  party  of 
gentlemen  who  had  started  at  three  o'clock  for  the  summit 
of  Monte  Bosa,  and  he  had  left  with  me  a  porter  who 
undertook  to  conduct  me  to  one  of  the  adjacent  gladersL 
But  as  I  looked  from  my  window  the  unspeakable  beauty 
of  the  morning  filled  me  with  a  longing  to  see  the  woild 
from  the  top  of  Monte  Bosa.  I  was  in  exceedingly 
good  condition — could  I  not  reach  the  sunmiit  alone? 
Trained  and  indurated  as  I  had  been,  I  felt  that  the  thing 
was  possible ;  at  all  events  I  could  try,  without  attempting 
anything  which  was  not  clearly  within  my  power. 


A  UGHT  SCBIF. 


SECOND  ASCENT  OF  HONTK  KOSA,  1858. 


(22.) 

Whether  my  exercise  be  mental  or  bodily,  I  am  always 
most  vigorous  when  cool.  During  my  student  life  in 
Gennany.  the  friends  who  visited  me  alwaj-s  complained 
of  tile  low  temperature  of  my  room,  nnd  here  among 
Ihe  Alps  it  was  no  uncommon  thing  for  me  to  wander 
over  the  glaciers  from  morning  till  evening  in  my  shirt- 
deevea.  My  object  now  was  to  go  as  light  as  possible, 
and  hence  I  left  my  coat  and  neckcloth  behind  me,  fmating 
lo  the  sun  and  my  own  motion  to  make  good  the  calorific 
vsste.  After  breakfast  I  poured  what  remained  of  my  tea 
into  a  small  gloss  bottle,  an  ordinary  demi-bouteille,  in 
feet ;  the  waiter  then  provided  me  with  a  ham  sandwich, 
and,  with  my  scrip  thus  frugally  ftimished,  I  thought  the 
heights  of  Monte  Kosa  might  be  won.  I  had  neither 
brandy  nor  wine,  but  I  knew  the  immense  amount  of  me- 
chanical force  represented  by  four  ounces  of  bread  and 
ham,  and  I  therefore  feared  no  fnilure  from  lack  of  nntri- 
ment.  Indeed,  I  am  inclined  to  think  that  both  guide" 
snd  travellers  often  impair  their  vigour  and  render  them- 
aelTes  cowardly  and  apathetic  by  the  incessant  "  refreshing" 
which  they  deem  it  necessary  to  indulge  in  on  such 
occasions. 

Tlie  guide  whom  Jjauener  intended  for  me  was  at  the 
door ;  I  paBsed  him  and  desired  him  to  follow  me.  This 
he  at  first  refused  to  do,  as  he  did  not  recognise  me  in  my 
shirt-slccves ;  but  hiij  companions  set  bmi  right,  and  he 
ran  after  me.  I  transferred  my  scrip  to  his  shoulders,  and 
ted  the  way  upward.  Once  or  twice  he  insinuated  that  that 
was  not  the  way  to  the  Schwarze-See,  aud  was  probably 
perplexed  by  ray  inattention.     From  the  summit  of  the 
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ridgo  whicti  bounds  the  Garner  glacier  the  whole  gnxA 
IMiiiorama  revealed  itself,  and  ou  the  higher  slopes  of  MontA 
Kosa — so  high,  indeed,  oa  to  put  all  hope  of  overt&kiug 
them,  or  even  coming  near  them,  out  of  the  question — 4i 
row  of  black  dots  revealed  the  company  which  had  ^jartei 
at  three  o'clock  from  the  hotel.  They  had  made  remark- 
ably good  use  of  their  time,  and  I  was  afterwards  informed' 
that  the  cause  of  this  was  the  intense  cold,  which  compelled 
them  to  keep  up  the  proper  supply  of  heat  by  increased^ 
exertion.  I  descended  siviftly  to  the  glacier,  and  made  for 
the  base  of  Monte  Bosa,  my  guide  following  at  some  disv 
tance  behind  me.  One  of  the  streams,  produced  by  supei> 
ficial  melting,  had  cut  for  itself  a  deep  wide  channel  in  tJi8 
ice ;  it  was  not  too  wide  for  a  spring,  and  with  the  aid  of 
a  run  I  cleared  it  and  went  ou.  Some  minutes  afterwards 
I  could  hear  the  voico  of  my  companion  exclaiming,  in  i 
tone  of  espostulation,  "  No,  no,  I  won't  follow  you  there,' 
Jle  however  made  a  circuit,  and  crossed  the  stream ;  ] 
waited  for  liim  at  the  plac«  where  the  Moute  Kosa  glacitf 
joins  the  rock,  *'  auf  der  Platte,"  and  helped  Iiim  down  th(( 
ice-slope.  At  the  summit  of  these  rocks  I  again  waited  tat 
him.  He  approached  me  with  some  excitement  of 
and  said  that  it  now  appeared  plain  to  him  that  I  intended 
to  ascend  Monte  Rosa,  but  that  he  would  not  go  with  toe 
I  asked  him  to  accompany  me  to  the  summit  of  the  : 
cliff,  which  he  agreed  to  do ;  and  I  found  him  of  some  » 
vice  to  me.  He  discovered  the  faint  traces  of  the  party 
advance,  and,  from  his  greater  experience,  could  keep  tfaed 
better  in  view  than  I  could.  We  lost  them,  however,  ne 
tlie  base  of  the  cliff  at  which  we  aimed,  and  I  went  0 
choosing  as  nearly  as  I  could  remember  the  route  folluwi 
by  Lauener  and  myself  a  week  previous,  while  my 
took  another  route,  seeking  for  tha  tnices.  llie  glttci« 
.  here  ie  crevasseil,  and  1  was  among  the  tii^surea  boiiio  di| 
tanoe  in  advance  of  my  companion.     Fear  wuu  msDilieatl] 
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getting  the  better  of  him,  and  he  finally  stood  still,  ex- 
ing,  "No  man  can  pass  there."    At  the  same  mo- 
t  I  discoTered  the  trace,  and  drew  his  attention  to  it ; 
ipproachod   me   submisaiTeiy,  said   that  I  was  quit*? 
it,  and  declared  his  willingness  to  go  on.     We  climbed 
the  rJitr,  and  discovered  the  trace  in  the  snow  above  it. 
Here    I   transferred  tlio  scrip  and  telescope  to  my  own 
abouldors,  nud  gave  my  companion  a  cheque  for  five  francs. 
He  returned,  and  I  went  on  alone, 
Tho    sun    and   heaven   were   glorious,    but    the    cold 
^■Mi  nevertheless   intense,  for  it  bad  frozen  bitterly  the 
^^H^t  before.      Tiie  mountain   seemed  more   n(^ble   and 
^^Holy  than  when  I  had  last  ascended  it ;  and  as  I  climbed 
^^^B  idopce,  crossed  tho  shining  cols,  and  rounded  the  vast 
^^^Bvr-boeEos  of  the  monntain,  the  sense  of  being  alone  lent 
^^|b0w  interest  to  tlie  glorious  scene.     I  followed  tlie  trade 
P    rf  those  who   preceded   me,  which  was  that  pursued  by 
Lauener  and  myself  a  week  previously.     Once  I  deviated 
from  it  to  obtain  a  glimpse  of  Italy  over  the  saddle  which 
Btret^hcH  from  Monte  Eosa  to  the  Lyskamm.     Deep  be- 
low mo  was  the  valley,  with  its  huge  aud  dihlocated  nht; 
uid  the  slope  on  which  I  hung  was  just  sufficiently  steep 
lo  keep   tlje  attentiou  aroused  without  creatmg  anxiety. 
I   prefer   such   s   slope  U>  one  on  which  the  thought  of 
duiger  cannot  be   entertained.     I  become   more   weary 
npon    a   dead  level,  or   in  walking  up  such  a  valley  as 
that  which  strelchcH  between  Yisp  and  Zermatt,  than  ou 
jiteep  mountain  side.     The  sense  of  wearinesH  is  dfttu 
to    the    expenditure   of  muscular   force  :    the 
may  bo  charged  with  force,  and,  if  the  nenous 
be  feeble,   the    strength   lies   dormant,   and  we 
without  exertion.      But    the   tliought   of   peril 
the   mind    awoke,   and    spurs   the    muscles   into 
tlhSf  move  with  alacrity  and  freedom,    and   the 
swiftly  and  pleasantly, 
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Oocnpied  with  my  own  thoughts  as  I  ascended,  I 
Bometimes  imconsciously  went  too  quickly,  and  felt  the 
effects  of  the  exertion.  I  then  slackened  my  pac8, 
allowing  each  limb  an  instant  of  repose  as  I  drew  it  out 
of  the  snow,  and  foimd  that  in  this  way  walking  becams 
rest.  This  is  an  illustratioii  of  the  principle  wliich  ruM 
throiighont  nature — to  accomplish  physical  changes,  time 
is  necessary.  Different  positions  of  the  limb  require 
different  molecular  arrangemente ;  and  to  pass  from  one 
to  the  other  requires  time.  By  lifting  the  leg  slowly  and 
allowing  it  to  fall  forward  by  its  own  gravity,  a  man  may 
get  on  steadily  for  several  hours,  while  a  very  slight  addi- 
tion to  this  pace  may  speedily  exhaust  liim.  Of  cmiiM 
the  normal  pace  differs  in  different  persons,  but  in  all 
the  power  of  endurance  may  be  vastly  augmented  by  ihe 
prudent  outlay  of  nmscidar  force, 

The  sun  had  long  shone  down  upon  me  with  tntenas 
fervour,  hut  I  now  noticed  a  strange  modification  of  tha 
Uglit  upon  the  slopes  of  snow.  I  looked  upwards,  and  ea# 
a  most  gorgeous  exhibition  of  interference-colours,  A  light 
veil  of  clouds  had  di-awu  itself  between  me  and  the  sunt 
and  this  was  flooded  with  the  most  brilliant  dyes.  OnagOf 
red,  green,  blue — all  the  hues  produced  by  diflraction  wer« 
exhibited  in  the  utmost  si^lendour.  There  seenieil  a  ten- 
dency to  form  circular  zones  of  colour  round  the  sun,  bok 
the  clouds  were  not  sufiicieutly  uniform  to  permit  of  thi% 
and  they  were  consequently  broken  into  spacea, 
steeped  with  the  colour  due  to  the  condition  of  the  olood 
at  the  place.  Three  times  during  my  ascent  similar  veiK 
drew  themselves  across  the  sun,  and  at  each  passage 
Bplendid  phenomena  were  renewed.  As  I  i-ea«hed 
middle  of  the  mountain  au  avalanche  was  let  l<x>80  from 
the  sides  of  the  Lyskamm  ;  the  thunder  drew  my  eyes  ' 
tlie  place ;  I  saw  the  ice  move,  but  it  was  only  the  tail 
tiuf  avalanche ;  still  the  volume  of  sound  told  me  that 
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viae  a  huge  one.  Suddenly  the  front  of  it  appeared  from 
behind  a  projecting:  rock,  hurling  its  ice-inaases  witli  fury 
into  iLe  valley,  and  tossing  its  rouudod  clouds  of  ice-diii^ 
high  into  the  atmosphere.  A  wild  long-drawn  souu<l, 
maltipliod  by  echos,  now  descended  from  the  heiglitij 
■hove  ine.  It  struck  me  at  first  as  a  note  of  lamentation, 
and  I  thought  that  possibly  one  of  the  party  which  was 
now  near  the  summit  had  gone  over  the  precipiea  On 
listening  more  attentively  I  found  that  the  souud  shaped 
itself  into  an  English  "hurrah!"  I  was  evidently  nearing 
the  party,  and  on  looking  upwards  I  could  see  them,  but 
still  at  an  immense  height  above  me.  The  summit  utill 
pose  before  them,  and  I  therefore  thought  the  cheer  preiua- 
tnre.  A  precipice  of  ice  was  now  in  front  of  me,  aroimil 
which  I  wound  to  the  right,  and  in  a  few  minutes  found 
myself  fairly  at  the  bottom  of  the  Kamm. 

I  paused  here  for  a  moment,  and  reflected  on  the  work 
before  me.  My  head  was  clear,  my  muscles  in  perfect 
wmdition,  and  I  felt  just  sufficient  fear  to  render  me  careful. 
I  faced  the  Kanun,  and  went  up  slowly  but  surely,  and 
aoon  heard  the  cheer  which  announced  the  arrival  of  the 
party  at  the  summit  of  the  mountain.  It  was  a  wild,  weird, 
mtt^>rmittent  sound,  swelling  or  falling  as  the  echos  rein- 
forced or  enfeebled  it.  In  getting  through  the  rocks 
wtiich  protrude  from  the  snow  at  the  base  of  the  last  Hpur 
of  tlie  mountain,  I  once  had  occasion  to  stoop  my 
head,  and,  on  suddenly  raising  it,  my  eyes  swam  as  they 
leated  on  the  unbroken  slope  of  snow  at  my  left.     The 

Etion  was  akiji  to  giddiness,  but  I  believe  it  was  chiefly 
fo  the  absence  of  any  object  upon  the  snow  n[xju 
i  I  could  converge  the  axes  of  my  eyes.  Up  to 
this  point  I  had  eaten  nothing.  I  now  nnlooseil  my 
scrip,  and  had  two  mouthfuls  of  sandwich  and  nearly  the 
B  tea  that  remained.  I  found  here  that 
B  it  was,  impeded  me.     When  tine  balancing 
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is  necessary,  the  presence  of  a  very  light  load,  to  whicb 
one  ia  unaccustomed,  may  introduce  an  element  of 
danger,  and  for  this  reason  I  here  left  the  residue  of 
my  tea  and  sundwieli  behind  me.  A  long  long  edge  wa« 
now  in  front  of  me,  sloping  steeply  upwards.  As  1  com- 
menced the  ascent  of  this,  the  foremost  of  those  whort 
cheer  had  reached  me  from  the  summit  some  time  pre- 
viously, appeared  upon  the  top  of  the  edge,  and  tlie  whole 
party  was  seen  immediately  afterwards  dangling  on  the 
Kamm.  We  mutually  approached  each  other.  Peter 
Bobren,  a  well-known  Oberland  guide,  came  first,  and 
after  him  came  the  gentleman  in  his  immediate  charge:. 
Tiien  came  other  guides  with  other  gentlemen,  and 
lost  of  all  my  guide,  Laiiener,  with  his  strong  right 
arm  round  the  youngest  of  the  party.  We  met  where  a 
rock  protruded  through  the  snow.  The  cold  smote  my 
naked  throat  bitterly,  bo  to  protect  it  I  borrowed  a  hand- 
kerchief from  Lauener,  bade  my  new  acquaintances  good 
bye,  and  proceetled  upwards.  I  was  soon  at  tlie  plaOA 
where  the  snow-ridge  joins  the  rocks  which  constitute  tl 
crest  of  the  mountaui ;  through  these  my  way  lay,  evea 
step  I  took  augmenting  my  distance  from  all  Ufe,  an 
increasing  my  sense  of  solitude.  I  went  up  and  down  tha 
cliffs  as  before,  round  ledges,  through  fissures,  along  edges 
of  rock,  over  the  last  deep  and  rugged  indentation,  and  op 
the  rocks  at  its  opi>osite  side,  to  the  eummit. 

A  world  of  clouds  and  mountains  lay  beueatli  me.  8wit» 
erland,  with  its  pomp  of  summits,  was  clear  and  gnod{ 
Italy  was  also  grand,  but  more  than  half  obscured.  Dai^ 
cumulus  and  dark  crag  vied  in  savagery,  while  at  oth 
places  white  snows  and  white  clouds  held  equal  rivalry^ 
The  scooped  valleys  of  Monte  liom  itself  ware  mngnk 
ficent,  all  gleaming  in  the  bright  sunlight — toaacxl  and 
at  intervals,  and  sending'  from  their  rents 
the  magical  blue  of  the  ice.    Ponderous  n^'A  la} 


ia»]  ALOXB  OS  THE  SUMMIT.  157 

apoD  tlie  mountains,  apparently  motionlesa,  but  sug- 
pleating  motion — eluggisli,  but  indicating  irrealstible 
dynamic  energy,  whicli  moved  them  glowly  to  their  doom 
in  the  warmer  valleys  below.  I  thought  of  my  position : 
it  voa  the  first  time  that  a  man  had  stood  alone  upon 
that  wild  peak,  and  were  the  imagination  let  loose  amid 
the  siirrounduig  agencies,  and  permitted  to  dwell  upon 
thp  perils  which  sejmrated  the  climber  from  his  kind,  I 
dare  Bay  curious  feelings  might  have  been  engendered, 
Bat  I  wad  prompt  to  queU  all  thoughts  which  might  lessen 
my  strengtli.  or  interfere  with  the  calm  application  of  it. 
Ouce  indeed  on  accident  made  me  shudder.  While  taking 
the  cork  from  a  bottle  which  is  deposited  on  the  top,  and 
which  contains  the  names  of  those  who  have  ascended  tlu- 
moantoin,  my  axe  slipped  out  of  my  hand,  and  slid  some 
tliirty  ft-et  away  from  me.  The  thouglit  of  losing  it  made 
my  flesh  creep,  for  without  it  descent  would  be  utterly  im- 
pcjwible.  I  regained  it,  and  looked  upon  it  with  an  afiection 
which  might  be  bestowed  upon  a  living  tiling,  for  it  was 
literally  my  staff  of  life  under  the  circumstancoa.  One 
took  more  over  tlio  cloud-capped  mountains  of  Italy,  and 
1  then  turned  my  bock  npon  them,  and  commenced  the 
descent. 

The  brown  crags  seemed  to  look  at  me  with  a  kind  of 
friendly  recognition,  and,  with  a  surer  and  firmer  feeling  than 
IpoenesBcd  on  ascending,  I  swung  myself  from  crag  to  crag 
aad  from  ledge  to  ledge  with  a  velocity  which  surprised 
elf.     I  reached  the  summit  of  the  Xomm,  and  saw 

rty  which  I  had  jiassed  au  hour  and  a  half  before, 

from    one   of  the  hollows    of  the  mountain ; 

i-scaped  from  the  edge  which  now  lay  between 

I  and  me.     The  thought  of  the  possible  loss  of  my 

;  the  summit  was   here  forcibly  revived,  for  with- 
1  I   dared  not    take  a  single   step.     My   first  care 

I  anchor  it  fircoly  in  the  snow,  so  as  to  enable  it 
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to  bear  at  times  nearly  the  whole  weight  of  my  body/ 
In  some  places,  however,  the  anchor  hiul  but  a  looaei 
hold ;  the  "  cornice "  to  which  I  have  already  referred 
became  granular,  and  the  handle  of  the  axe  went  through 
it  up  to  the  head,  still,  however,  remaining  loose,  8oins 
amount  of  trust  had  thus  to  be  withdrawn  firom  i 
staff  and  placed  in  the  limbs.  A  curious  mixture  of  care' 
lesBoess  and  anxiety  sometimes  fills  the  nimd  on  such  occ» 
aions.  I  often  caught  myself  humming  a  verse  (rf  i 
frivolous  song,  but  this  was  mechanical,  and  the  sub- 
stratum of  a  man's  feelings  under  sucJi  eiroumstanecs  it 
real  earnestness.  The  precipice  to  my  left  was  a  continoa] 
preacher  of  caution,  and  the  slope  to  my  right  was  hardly 
less  impressive.  I  looked  down  the  former  hut  rarely,  and 
sometimes  descended  for  a  considerable  time  without 
looking  beyond  my  own  footsteps.  The  power  of  a  thooghl 
was  illustrated  on  one  of  these  occasions.  I  had  descended 
with  extreme  slowness  and  caution  for  some  time,  when 
looking  over  the  edge  of  the  cornice  I  saw  a  row  of  pointed 
rocks  at  some  diatauce  below  me.  These  I  fiilt  must 
receive  me  if  I  slipped  over,  and  I  tliought  how  before 
reaching  them  I  might  so  break  my  fall  as  to  arrive  a 
them  unkilled.  This  thought  enabled  me  to  double  my 
speed,  and  aa  long  as  the  spiky  barrier  ran  parallel  to  my 
track  I  hold  my  staff  in  one  hand,  and  contented  myself 
with  a  slight  pressure  upon  it 

I  came  at  length  to  a  place  where  the  edge  was  solid  ias 
which  rose  to  the  level  of  the  cornice,  the  latter  appearing 
as  if  merely  stuck  against  it.  A  groove  ran  betWHan  tits 
ice  and  snow,  and  along  this  groove  J  marched  until  the 
cornice  became  unsafe,  and  I  had  to  betake  myself  to  tha 
ice.  The  place  was  really  perilous,  but,  encooraging 
myself  by  the  reflection  that  it  would  not  last  long,  I  ci 
I  fully  and  deliberately  hewed  st«p9,  causing  tliem  to  d^  I 
[little  inward,  so  as  to  afford  a  purchase  for  Uii>  heel  of  Bij 
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boot,  never  forsakiug  one  till  the  next  was  ready,  and  never 
ttifltlin^  my  hatchet  until  my  balance  was  secured.  I  wae 
BOOH  ftt  the  bottom  of  the  Eamm,  fairly  out  of  danger,  and, 
fnli  of  glad  vigour,  I  bore  swiftly  down  upon  t!ie  ]tarty  in 
advam-e  of  me.  It  waa  au  easy  task  to  me  to  fuse  myself 
amongst  them  as  if  1  had  been  an  old  acquaintance,  and 
we  joyfully  slid,  gallopud,  aud  rolled  together  down  the 
residue  of  the  mountain. 

The  only  exception  was  the  young  gentleman  in 
Lsaener's  care.  A  day  or  two  previously  he  had,  I  believe, 
injurud  himself  in  crossing  the  Gemmi,  aud  long  before  he 
leaclied  the  summit  of  Monto  Kosa  his  knee  swelled,  and 
he  vrolked  with  great  difliculty.  But  he  persisted  in 
WfT^i^'ngi  and  LaUGQer,  seeing  his  great  courage,  thought 
it  a  pity  to  leave  him  behind.  I  have  stated  that  a 
pectioo  of  tlie  Kamm  was  solid  ice.  On  descending  this, 
Kr.  F.'s  footing  gave  way,  and  he  slipped  forward, 
Lanener  was  forced  to  accompany  him,  for  the  place  was 
too  steep  and  slippery  to  permit  of  their  motion  being 
obeeked.  Both  were  on  the  point  of  going  over  the 
I^akamm  side  of  the  mountain,  where  they  would  have 
mdubitably  been  dashed  to  pieces.  "  There  was  no  escape 
there,"  said  Lauener,  in  describing  the  incident  to  me  sub- 
aequuntiy,  *"  but  I  saw  a  possible  rescue  at  the  other  side. 
so  I  Bpraiig  to  the  right,  forcibly  swinging  my  companion 
round ;  but  in  doing  so,  the  baton  tripped  mo  up ;  we 
both  fell,  and  rolled  rapidly  over  each  other  down  the 
tDclina  I  knew  that  some  precipices  were  in  advance  of 
Ofl,  over  which  we  should  have  gone,  so,  releasing  myself 
frooi  ray  com])anion,  I  threw  myself  in  li-out  of  him, 
stopped  loyself  with  my  axe,  and  thus  placeil  a  barrier  before 
him."  Aftor  aomo  vain  efforts  at  sliding  down  the  slopes 
on  a  baton,  in  which  practice  I  was  fairly  beaten  by  some 
of  my  new  friends,  1  attached  myself  to  the  invalid,  and 
mlhed  with  him  and  Lauener  homewards.    Had  I  gone 
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forward  with  the  foremost  of  the  party,  I  should  bavf 
completed  the  expedition  to  the  eunuuit  and  back  in  I 
little  better  tlian  nine  hours. 

I  think  it  right  to  say  one  earnest  word  in  coof 
nexion  with  this  ascent ;  and  the  more  bo  aa  I  belieye  a 
notion  is  growing  prevalent  that  half  what  is  eaid  and' 
written  about  the  dangers  of  the  Alps  is  mere  humbn^ 
No  doubt  exaggeration  is  not  rare,  but  I  would  empLatically 
warn  my  readers  against  acting  upon  the  supposition  that 
it  is  general.  The  dangers  of  Mont  Blanc,  Monte  BoM». 
and  other  mountains,  are  real,  and,  if  not  properly  pn>> 
Tided  against,  may  be  terrible.  I  hare  been  much  accM* 
tomed  to  be  alone  upon  the  glaciers,  but  sometimes,  evea 
when  a  guide  was  in  front  of  me,  I  have  felt  an  extreme 
longing  to  have  a  second  one  behind  rae.  Less  tluui  two 
good  ones  I  thiuk  an  arduous  cUmbor  ought  not  to  have; 
and  if  climbing  without  guides  were  to  become  habitnal|- 
deplorable  consequences  would  assuredly  sooner  or  latSE 
ensue. 


(23.) 

The  18th  of  August  I  spent  upon  the  Far^e  glacier 
the  base  of  Mont  Cerrin,  and  what  it  taught  me  shall  ba 
stated  in  another  place.     The  evening  of  this  day 
eignabsed  by  the  pleasant   acquaintances  which  it  l 

It  was  my  intention  to  cross  the  Weisatlior  oa  tba 
morning  of  the  19th,  but  thunder,  liglituing,  and  heavy 
rain  opposed  the  project,  aud  with  two  friends  i  descended, 
amid  pitiless  rain,  to  Zermatt,  Next  day  I  walked  by 
way  of  Stalden  to  Saas,  where  I  made  the  acquaintance  of 
Herr  Imseng,  the  Cur^,  and  on  the  2l8t  aacended  to  tbs 
Dtstel  Alp.  Near  to  this  place  the  Allelein  gWier  ptulhi 
I  ita  huge  termiuns  right  across  the  rallej  and  dama  ap  tl 
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I   itreams  descending  from  the  mountains  liigher  up,  thus 
I   giving  birtti  to  a  dismal  lake.     At  one  end  of  this  stands 
the  Mattmark  hotel,  which  was  to  be  my  head-quarters  for 
.   a  few  days. 

I  reached  the  place  in  good  company.  Near  to  the 
hotel  are  two  magnificent  boulders  of  green  serpeutine, 
which  have  been  lodged  there  by  one  of  the  lateral 
glaciers ;  and  two  of  the  ladies  desiring  ta  i^cend  one  of 
these  rocks,  a  friend  and  myself  helped  them  to  the  top. 
The  thing  was  accompUaheil  in  a  very  spirited  way.  In- 
deed the  general  contrast,  in  regard  to  enei^,  between 
the  maidens  of  the  British  Isles  and  those  of  the  Continent 
and  of  America  is  extraordinary.  Surely  those  who  talk 
of  this  country  being  in  its  old  age  oyerlook  the  physical 
Yigotir  of  ita  sons  and  daughters.  They  ore  strong,  but 
from  a  combination  of  the  greatest  forces  we  may  obtain 
a  amall  resultant,  because  the  forces  may  act  in  opposite 
diiections  and  partly  neutralize  each  other.  Herein,  in 
fact,  lies  Britain's  weakness ;  it  is  strength  ill  directed ; 
and  is  indicative  rather  of  the  perversity  of  young  blood 
than  of  the  precision  of  mature  years. 

Immediately  after  this  achievement  I  was  forsaken  by 
my  friends,  and  remained  the  only  occupant  of  the  hotel. 
A  dense  gray  cloud  gradually  filled  the  entire  atmosphere, 
from  which  the  rain  at  length  began  to  gush  in  torrents. 
The  scene  from  tlie  windows  of  the  hotel  was  of  the 
most  dismal  character;  the  rain  also  came  through  the 
toof,  and  dripped  from  the  ceiling  to  the  floor.  I  en- 
deavoured to  make  a  fire,  but  the  air  would  not  let 
the  smoke  of  the  pine-logs  ascend,  and  the  biting  of 
the  hydrocarbons  was  excruciating  to  the  eyes.  Ou  the 
whole,  tlie  cold  was  preferable  to  the  smoke.  Diuing  the 
night  the  rain  changed  to  snow,  and  on  the  morning  of 
the  22nd  aU  the  mountains  were  thickly  covered.     The 

K  delta   through    which   a   river  of  many  arms   ran 
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into  the  Mattmork  See  was  hidden ;  against  boidq  of  the 
windows  of  the  mile  it  manger  the  bdow  was  also  pQfid; 
obscnring  more  than  half  their  light.  I  had  Bent  my  guide 
to  Viap,  and  two  women  and  myself  were  tlie  only  occd* 
panl8  of  the  place.  It  was  extremely  desolate— I  felt,  n 
over,  the  chill  of  Monte  Rosa  in  my  throat,  and  tfaa 
conditions  were  not  favourable  to  the  cure  of  a  cold, 

On  the  23rd  tUe  Allelein  glacier  was  unfit  for  worft  i 
I  therefore  ascended  to  tho  summit  of  the  Monte  Moro^ 
and  found  the  Yalais  side  of  the  pass  in  clear  snnBtu 
while  impenetrable  fog  met  us  on  the  Italian  side, 
examined  the  colour  of  the  freshly  fallen  snow ;  it  \ 
not  an  ordinary  blue,  and  was  even  more  transparent  thaa 
the  blue  of  the  firmament.  When  the  snow  was  brc^EOtt 
the  light  flatihed  forth ;  when  the  staff  was  dug  into  tiM 
snow  and  withdrawn,  the  blue  gleam  appeared ;  when  tha 
HtafT  lay  in  a  hole,  although  there  might  be  a  saffieienl 
space  all  round  it,  the  coloured  light  refused  to  show 
itself. 

My  cough  kept  me  awake  on  the  night  of  the  23nl,  and 
my  cold  was  worse  next  day.  I  went  upon  the  Allelein 
glacier,  but  found  myself  by  no  means  so  sure  a  climber 
aa  usual.  The  best  guides  find  that  their  powors  vary ;  they 
are  not  equally  competent  on  all  days.  1  have  heard  a  ctHo- 
broted  Chamouni  guide  assert  that  a  man's  morale  is  difi(«retit 
on  different  days.  The  morale  in  my  case  had  a  physical 
bafiis,  and  it  probably  has  so  in  all.  The  Allalein  gl» 
cier,  aa  I  have  said,  crosses  the  valley  and  abuts  s 
the  opposite  mountain ;  here  it  is  forced  to  turn  aside, 
and  in  consequence  of  the  thrust  and  bending  it  ts 
crumpled  and  crevassed.  The  wall  of  the  Mattmark  Sfe  is 
a  fine  glacier  section :  looked  at  from  a  <lifltani^,  Ihn  ridgeM 
and  fissures  appear  arranged  like  a  fan.  The  structure  t  ~ 
tho  criiinple<l  ice  varies  from  the  vertical  to  the  homoDU^ 
and  the  ridgi-s  are  sometimes  split  aiang  the  plaiiM  i 
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stractnra     The  aspect  of  this  portion  of  tiie  glacier  from 
flome  of  tlie  adjacent  heiglits  is  exceodiiigly  interestiug. 

On  tiie  moTTiing  of  the  2oth  1  had  two  hours'  clamber- 
ing over  the  mountains  before  breakfast,  and  traced  the 
autioti  of  (incient  glaciers  to  a  great  height.  The  valley 
of  Hans  in  this  respect  rivals  that  of  Hasli ;  the  flutings 
uul  jwlishings  being  on  the  grnndest  scale.  jVfter  break- 
Cast  I  went  to  the  end  of  the  Allelein  glacier,  where  the 
Baas  Visp  river  rushes  from  it:  the  vault  was  exceedingly 
fine,  being  composed  of  concentric  arches  of  clear  blue  ice. 
I  spent  several  hours  hero  examining  the  intimate  stnic- 
tare  of  the  ice,  and  found  the  vaeuMra  disks  which  I  shall 
describe  at  another  place,  of  the  greatest  service  to  me. 
^■4s  Kt  Bosenlaui  and  elsewhere,  they  hero  taught  me  that 
^^■t  glacier  was  composed  of  an  aggregate  of  small  frag- 
^Hebt6t  each  of  wliich  had  a  definite  plane  of  cr)'8tallization, 
Wbera  tlie  ice  was  partially  weathered  the  surfaces  of 
dtrisioa  between  the  fragments  could  bo  traced  tiroogh 
the  coherent  mass,  but  on  crossing  these  surfaces  the  direc- 
tion of  tlie  vacuum  (hsks  changed,  indicatiug  a  similar 
change  of  the  planes  of  crystallization.  The  blue  veins 
of  the  glacier  went  through  its  component  fragments  irre- 
spective of  these  planes.  Sometimes  the  vacuum  disks 
ware  parallel  to  the  veins,  sometimes  across  them,  some- 
times  oblique  to  them. 
^BkSeveral  tine  masses  of  ice  had  Mien  from  tlie  arch  upon 
Hm  floor,  and  these  were  disintegrated  to  the  core.  A 
^^■bIc  or  a  stroke  of  an  axe,  sufficed  to  shake  masses  almost 
a  cnbic  yard  in  size  into  fragments  varying  not  much  on 
arther  side  of  a  cubic  incL  The  veining  was  finely  pre- 
served on  the  concentric  arches  of  the  vault,  and  some  of 
tbem  apparently  exhibited  its  abolition,  or  at  least  confn- 
siou,  and  fresh  development  by  new  conditions  of  pressure, 
Thu  riffif  being  deep  and  turbulent  this  day,  to  reach  its 
opixMlto  Hde  I  had  to  chmb  the  glacier  and  cross  over 
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the  crown  of  its  liighest  atcIi  ;    this  enabled  me  to  get 

quite  in  front  of  tie  vault,  to  enter  it,  and  oloe^y  inspect 

[  tiiose  portions  wliere  the  Btmctnre  appeared  to  change.     I 

I  afterwards  ascended  the  steep  moraine  which  lies  betweeo 

the  AJlelein   and  the  smaller   glacier  to  the  left  of  it, 

passing  to  the  latter  at  intervals  to  examine  it«  stmo- 

tnre.     I  was  at  length  stopped  by  the  dislocated  ice;  and 

from  the  heights  I  could  coimt  a  system  of  seven  dirt- 

banda,  formed  by  the  undulations  on  the  surtaco  of  the 

glacier.    On  my  return  to  the  hotel  I  found  there  a  number 

of   well-known    Alpine  men  who    intended  to  cross  th* 

Adler  paea  on  the  followiug  ilay.     Herr  Iraseng  was  theiei 

I  he  came  to  me  fall  of  enthusiasm,  and  asked  me  whether 

I  would  join  him  in  an  ascent  of  the  Dom :  we  might 

mediately  attack  it,  and  he  felt  sure  that  we  should  succeed. 

The  TJom  is  the  liighest  of  the    Mischahel    peaks,  and 

ine  of  the  grandest  of  the  Alps.     I  agreed  to  join  the 

Cmi,  and  with  this  understanding  wc  parted  for  the  n%ht. 

Thursday,  2fith  August. — A  wild  stormy  morning  after 

a  wild  and  rainy  night :  the  Adler  Pass  being  impassablet 

the  mountaineers  returned,  and  Imseng  informed  me  that 

the  I>om  must  be  abandoned.     He  gave  me  the  statistici 

of  an  avalanche  which  had  fallen  in  the  valley  some 

)re.     Within  the  memory  of  man  Saaa  had  never 

touched  by  an  avalanche,  but  a  tradition  existed  that  socfc 

I  a  catnstroplie  had  once  occurred.     On  the  Hth  of  Marcb, 

1848,  at  eight  o'clock  in  the  morning,  the  Cunj  was  in 

room,  when  he  heard  the  cracking  of  pine-branches,  and 

inferred  from  the  sound  that  an  avalanche  waa  deeceod< 

ing  upon  the  village.  It  dashed  in  the  windows  of  his  h( 

I  and  filled  hia  rooms  with  snow ;   the  sound  it  prodnoed 

I  being  sufficient  to  mask  the  crashing  of  the  timbure  of  i 

[  adjacent  house.  Three  persons  were  killed.   On  tbo  3id 

April.   184n,  heavy  snow  fell  at  Saas ;  the  Cur^ 

until  it  had  atljiiucd  a  depth  of  four  feet,  and  tliwi 
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treated  to  F^  That  niglit  an  avalanche  descended,  and 
_m  ihe  line  of  )f«  niah  wajj  a  house  in  which  fiTo  or  six  and 
mty  people  had  collected  for  safety :  nineteen  of  them 
1  killed.  The  Cure  afterwards  showed  me  the  site  of 
b  house,  and  the  direction  of  the  avalanche.  It  passed 
mgh  a  pine  wood  ;  and  on  expresfiing  my  surprise  that 
i  treett  did  not  arrest  it,  he  replied  that  the  snow  was 
Bite  like  dust,"  and  rushed  among  the  trees  like  so  much 
er.  To  return  from  F^e  to  Saaa  on  the  day  following 
md  it  necessary  to  cany  two  plonks.  Kneeling  upon 
B  trf  them,  he  pushed  the  other  forward,  and  transferred 
I  weight  to  it,  draiving  the  other  after  him  and  rei>eating 
ct.  The  snow  was  like  flour,  and  would  uot 
wi»e  hear  his  weight.  Seeing  no  prospect  of  fine 
voaUier,  I  descended  to  Saas  on  the  aftemoon  of  the  26th. 
I  wo*  the  only  guest  at  the  hotel ;  but  during  the  evening 
s  gratified  by  the  unespected  arrival  of  my  friend 
tst,  who  was  on  his  way  over  the  Monte  Moro  to  Italy. 
■for  the  last  live  days  it  had  been  iv  struggle  between 
B  north  wind  and  the  south,  each  edging  tho  other  by 
I  out  of  its  atmospheric  bed,  and  producing  copious 
ci[ulatiou ;  hut  now  the  conflict  was  decided — tlic  north 
I  prevailed,  and  an  almost  unclouded  heaven  overspread 
r  AlfHi.  The  few  white  fleecy  masses  that  remained 
i  good  indications  of  tho  swift  morcli  of  the  wind  in 
ftnpper  au-.  Jlfy  friend  and  I  resolved  to  have  at  least 
i  day's  excursion  together,  and  we  chose  for  it  the 
r  of  the  F^e.  Ascending  the  mounlmn  by  a  well- 
-iwnten  path,  we  [)a«sed  a  number  of  "Calvaries"  filled 
with  t(ittere<l  saints  and  Virgins,  and  soon  came  upon  the 
1  of  a  flattened  bowl  quite  clasped  by  the  mountains. 
h  its  centre  was  the  little  hamlet  of  Fee,  round  which 
I  fresh  green  pastnreK.  and  beyond  it  the  perpetual 
b  ADd  snow.  It  was  esceeduigly  picturesque — u  scene 
Bbitmui   beauty   and    industrj'   where    savagery   alone 
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was  to  be  expected.  The  ba^  had  been  scooped  hf, 
glaciers,  and  as  we  paused  at  iia  eDtrance  the  roiiodei' 
and  Anted  rocks  were  beneath  our  feet.  The  Alphubel  aai 
the  At  igchftbel  raificd  their  crowns  to  heaven  ui  &ont  of  Dg ; 
the  newly  fallen  snow  clung  where  it  could  to  the  precipitons 
cr^s  of  the  Mischabel,  but  on  the  summltja  it  was  th^ 
sport  of  the  wind.  Sometimes  it  was  borne  straight  up- 
wards in  long  vertical  stria:;  sometimes  the  fibrous  columns 
swayed  to  the  right,  sometimes  to  the  left ;  sometimes  thvl 
motiou  on  one  of  the  summits  would  quite  subside ;  anon- 
the  white  peak  would  appear  suddenly  to  shake  itself  t» 
dust,  which  it  yielded  freely  to  the  wind.  I  could  see  thn 
wafted  snow  gmduaUy  melt  away,  and  again  curdle  up  into 
true  white  cloud  by  precipitation ;  this  in  its  turn  would 
be  pulled  asundur  like  carded  wool,  and  reduced  a  second 
time  to  transparent  vapour. 

In  the  middle  of  tlie  ice  of  the  F^e  stands  a  green 
alp,  not  unlike  the  Jordin ;  up  this  we  climbed,  halting 
at  intervals  upon  its  grassy  knolls  to  inspect  the  glacier.  I 
aimed  at  those  pUces  where  ou  k  priori  grounds  I  should' 
have  thought  the  production  of  the  veined  structure 
likely,  and  reached  at  length  the  base  of  a  wall  of  rock 
from  the  edge  of  which  long  spears  of  ice  depended. 
Here  my  friend  halted,  while  Lauener  and  myself  climbed 
the  precipice,  and  ascended  to  tlie  summit  of  the  alp. 
The  snow  was  deep  at  many  places,  and  our  inunersioiig 
in  unseen  holes  very  frequent.  From  the  peak  of  the 
F^e  Alp  a  most  glorious  view  is  obtained ;  in  point  of 
grandeur  it  will  bear  comparison  with  any  in  tJio  Atpe^ 
and  its  seclusion  gives  it  an  inexpressible  charm.  We 
remained  for  half  an  hour  upon  the  warm  rock,  and  then' 
descended.  It  was  our  habit  to  jump  from  the  highur' 
ledges  info  the  deep  snow  below  them,  m  which  we  wojc 
lowed  ns  if  it  were  flour ;  but  on  one  of  these  occasions  I 
li^hl.xi  on  a  stone,  ond  the  shock  produced  a  curtoua  vSed 
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upon  my  hearing.  1  ap|)earecl  suddenly  to  lose  the  power 
(rf  appreciuling  deep  sountla,  wliile  the  shriller  ones  were 
comparatively  imimpaired.  After  I  rejoined  ray  friend  it 
required  attention  on  my  part  to  hear  him  when  he  spoke 
to  me.  This  continued  until  I  approached  the  end  of  the 
glacier,  wlien  suddenly  the  babblement  of  streams,  and  a 
world  of  sounds  to  which  I  had  been  before  quite  deaf 
burst  ill  upon  me.  The  deafness  was  probably  due  to  a 
strain  of  the  tympanum,  such  as  wo  can  produce  artiheially, 
and  thus  quench  low  sounds,  while  shrill  ones  are 
scarcely  affected. 

1  was  anxious  to  quit  Saas  early  next  morning,  but  the 
Care  expressed  so  strong  a  wish  to  show  us  what  he  called  a 
SduiUflerhaftes  Lock — a  terrible  hole — which  he  had  him- 
self iliacovered,  that  I  consented  to  accompany  him.  We 
were  joined  by  his  assistant  and  the  priest  of  F^e.  The 
Rtream  from  the  F^e  glacier  has  cut  a  deep  channel  through 
the  rocks,  and  along  the  right-hand  bank  of  the  stream 
we  ascended.  It  was  very  rough  with  fallen  crags  and 
&Ilen  pines  amid  wliich  we  once  or  twice  lost  our  way. 
At  length  we  came  to  an  aperture  just  sufficient  to  let  a 
man'i*  body  through,  and  were  informed  by  our  conductor 
tliat  our  route  lay  along  the  little  tunnel ;  he  lay  dowTi  upon 
his  stomach  and  squeezed  himself  tlirongh  it  like  a  marmot- 
I  followed  him ;  a  second  tunnel,  in  which,  however,  wo 
I  stand  uprigbt,  led  into  a  spacious  caveni,  formed 
f,  tfac  falling  together  of  immense  slabs  of  rock  which 
Intted  against  each  other  so  as  to  form  a  roof.  It  was 
ft  Terr  type  of  a  robber  den ;  and  when  I  remarked  this, 
B  at  once  proposed  to  aing  a  verse  from  Schiller's  play, 
ft  fotmg  clerg)*man  had  a  powerful  voice — he  led  and 
^'■11  chimed  in. 

••  Kn  frohrs  Lchon  lulireo  wir, 
Eln  Ijoben  vol  lor  Wouni'. 
Dei  Wuld  iat  Diiscr  Nnolitiiuartii'i. 
Itel  Stunn  und  Wind  hantliiercii  wir. 
Doi  HqhiI  ist  tmsre  Sanoc." 
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Heir  Imsen":  wore  his  black  coat ;  tlie  othere  had  taken 
theirs  off.  but  they  wore  their  clerical  hats,  black  breeches 
And  stockings.  We  formed  a  siii^ular  group  in  a  singular 
place,  and  the  echoed  Toicea  mingled  stmngely  with  the 
goats  of  the  wind  and  the  rush  of  the  river. 

Soon  after  I  parted  from  my  friend,  oud  descended  the 
Tftlley  to  Visp,  where  I  also  parted  with  my  guide.  He 
had  been  with  me  from  the  22nd  of  July  to  Uie  2!Hh  of 
August,  and  did  his  duty  entirely  to  my  satisfaction.  He 
is  an  excellent  iceman,  and  is  well  acquainted  both  with  the 
glaciers  of  the  Oberland  and  of  the  Valais.  He  is  strong 
and  good'humoured,  and  were  I  to  make  anoUier  expedl* 
tionof  the  kind  I  don't  think  that  I  shoidd  take  any  guide 
in  the  Oberland  in  preference  to  Christian  Lauener. 


(24.) 

It  is  a  singular  fact  that  as  yet  we  know  absolutely 
nothing  of  the  winter  temperature  of  any  one  of  the  high; 
Alpine  sumraita.  No  doubt  it  is  a  Hufficieut  justification  cC 
our  Alpine  men,  aa  regards  their  climbing,  that  t?utf  liit  iti 
This  plain  reason  is  enough ;  and  no  man  who 
ascended  that  "  bad  eminence  "  Prunrose  Hill,  or  cUmbed 
to  Hampstead  Heath  for  the  sake  of  a  freer  horizon, 
consistently  ask  a  better.  As  regards  physical  scienDe^ 
however,  the  contributions  of  our  mountaineers  have 
yet  been  nil,  and  hence,  when  we  hear  of  the  »cknt_- 
value  of  their  douiga,  it  is  simply  amusing  to  the  climbtal 
themselves.  1  do  not  fear  that  I  shaU  offend  them  iu  Um 
least  by  my  frankneas  in  stating  tJiis.  Thefr  pleasare  li 
that  of  overcoming  acknowledged  diffioulties.  and  of  wft 
iiesdng  natural  grandeur.  But  I  woidd  venture  to  nq 
that  our  Alpme  meu  will  not  find  their  pleasure  leeseoa 
by  embracing  a  scientific  object  iu  their  doings.      The 
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hare  the  atrenglli,  tlie  iutelligeiico,  aud  let  them  add  to 
tJic«e  the  accuracy  which  physical  science  now  demande, 
and  they  may  contribute  work  of  enduring  value.  Mr. 
Casella  will  gladly  teach  them  the  use  of  hia  miuiinmn- 
thermoinetere ;  and  I  trust  that  the  next  seven  years 
will  not  {MISS  withont  making  us  acquainted  with  tlie 
wiut«*r  tt-mperaturo  of  every  mountain  of  note  in  Switaer- 
land." 

I  had  tiiought  of  this  subject  since  I  first  read  the  cou- 
jpctiin«  of  De  Sauseure  on  the  temperature  of  Mont 
lilwnc;  but  in  1857  I  met  Augiiste  Balmat  at  the  Jardin, 
atui  there  learned  from  him  that  he  entertained  the  idea 
of  plttcing  a  self-registering  thermometer  at  the  sum- 
mit of  the  moimtaui.  lialmat  was  ])ersonally  a  stranger 
to  me  at  iJjg  time,  but  Professor  Forbes's  writings  had 
iltspired  me  witli  a  respect  for  him,  which  this  uu- 
pRttupted  idea  of  bis  augmented.  He  had  procured  a 
thermometer,  the  graduation  of  which,  liowever,  he  feared 
wns  not  low  enough.  As  an  encouragement  to  Balmat 
Aod  with  the  view  of  making  Ids  laudable  intentions  known, 
I  nomuunicated  them  to  the  Itoyal  yociety,  and  obtained 
from  tiie  Council  a  small  grant  of  money  to  purchase  ther- 
mometers  and  to  assist  in  the  expenses  of  an  ascent. 
I  had  now  the  thermometers  in  my  possession ;  and 
baring  completed  my  work  at  Zermatt  and  Haas,  my  next 
desire  was  to  reach  Chamouni  and  place  the  instruments 
on  tilt  lop  of  Mont  liianc     I  aw'ordingly  descended  the 

Jley  of  the  Hhone  to  Martigny,  crossed  the  Tete 
,  and  arrived  nt  Chamouni  on  the  29th  of  August, 

llmat  was  engaged  at  this  time  as  the  guide  of  Mr. 
I  Wills,  who.  however,  kindly  offered   to  place  him 
tmy  dispoflal ;   and  also   expressed  a  desire  to  accom- 
plunm  thiil  ray  fritD.l  Mr.  J..li!i  Itiill  is  now  cvrrtiug 
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I  jHiny  mo.  hiinHflf  uiid  ussist  mi^  in  my  obEcn'atioiis. 
I  gla^y  aocojitfd   a    jiroposal    whicli   gave   me   for    com' 
I  {lanioa    so    determined    a    climber    and     so    estimtUl 
I  II  Jiian.     But   Chainoimi  was   rife   with   diffieu]tie&    II 

1857  the  Guide  Clicf  liad  the  good  sense  to  give  i 
1  coiisidiTable  liberty  of  action.  Now  his  mood  waa  entirely 
vhauged :  lie  liad  beeu  "  molested  "  for  giving  me  so  mooll 
freedom.  I  wished  to  have  a  boy  to  carry  a  small  instr* 
meuf.  for  Me  up  the  Mer  de  Glace — he  would  not  allow  it; 
I  must  take  a  guide.  If  I  ascended  Mout  Biauc  he  d*; 
clared  that  I  must  take  four  guides  ;  that,  in  short,  I  n 
in  all  respects  confuTm  t'O  the  rules  madL'  for  ordioarjl 
tuurists.  I  endeavoured  to  explain  to  liim  tlie  advautagel 
which  Chamouni  luid  derived  from  tlie  labours  of  i 
science ;  it  was  eucb  men  who  had  dispovcrfd  it  wbim  il 
wttd  unknown,  and  it  was  by  tlieir  KTittugH  llmt  the  aUea 
tiuaof  tlie  general  public  had  been  called  towards  it.  It 
was  a  bail  recomi>ence,  I  urged,  to  treat  a  nuiii  of  eciesc*  I 
I  iie  was  treating  me.  This  was  urged  iu  vain;  li**| 
ahruf^yi'd  liia  shoulders,  was  very  sorry,  but  tlie  thing  c 
not  bu  changed,  I  then  requested  tn  know  his  Hupoooi 
that  1  mi<;lit  apply  to  him  ;  lie  iulormcd  me  tliAt  t 
were  a  President  and  Comoiiiisiou  of  guides  at  Chaniuani 
who  were  the  proper  persona  tn  decide  the  i|ue3tiou,  aa 
s  proposed  to  eall  them  together  on  the  'Mftt  of  Angtut 
at  seven  p.m.,  on  condition  that  I  was  to  be  present  to  al 
my  own  case.     To  this  I  agreed. 

I  spent  tlmt  day  tjuite  alono  upon  the  Mer  do  Glaot 
niid  climbed  amid  a  heavy  snow-storm  to  the  Cleft  t 
over  Trdapurti.'.     Wlieu  I  reached  the  Monttinvcit  I 
wet  and  weary,  and  would  liavo  spent  the  night  thew  v 
it  not  for  my   t'Ogagomout  with  tlie  Guide  Chef,     I  dfl 
[  seendetl  amid  the  rain,  tuid  at  the  uppointtid  hour  went  I 
Im  bureau.     He  met  me  with  a  {loiite  sympathetio  ehi 
■  xphiint'd  to  me  that  he  had  spoken  to  Urn  Com 
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but  that  it  could  not  assemble  pour  uiie  chose  comme  ga ;  that 
the  rules  were  fixed,  and  I  must  abide  by  them.  "  Well," 
I  responded,  "  you  think  you  have  done  your  duty ;  it  is 
now  my  turn  to  perform  mine.  If  no  other  means  are 
available  I  will  have  this  transaction  communicated  to  the 
Sardinian  Government,  and  I  don't  think  that  it  will  ratify 
what  you  have  done."  The  Guide  Chef  evidently  did  not 
believe  a  word  of  it. 

Previous  to  taking  any  further  step  1  thought  it  right  to 
Bee  the  President  of  the  Commission  of  Guides,  who  was 
also  Syndic  of  the  commune.  I  called  upon  him  on  the 
morning  of  the  1st  of  September,  and,  assuming  that  he 
knew  aU  about  the  ti-ansiiction,  spoke  to  him  accordingly. 
He  listened  to  me  for  a  time,  but  did  not  seem  to  under- 
stand me,  which  I  ascribed  partly  to  my  defective  French 
pronunciation.  I  expressed  a  hope  that  he  did  comprehend 
me ;  he  said  he  understood  my  words  very  well,  but  did 
not  know  theii*  purport.  In  fact  he  had  not  heard  a  single 
word  about  me  or  my  request.  He  stated  with  some  indigna- 
tion that,  so  far  from  its  being  a  subject  on  wliich  the 
Commission  could  not  assemble,  it  was  one  which  it  was 
their  especial  duty  to  take  into  consideration.  Our  con- 
ference ended  with  the  arrangement  that  I  was  to  write 
him  an  official  letter  sta.ting  the  case,  wliich  he  was  to  for- 
ward to  the  Intendant  of  the  province  of  Faucigny  resi- 
dent at  Bonneville.     All  this  was  done. 

I  subsequently  memorialised  the  Intendant  himself; 
and  Balmat  \d8ited  him  to  setrure  his  permission  to  accom- 
pany me.  I  have  to  rocord,  that  from  first  to  last  the 
Intendant  gave  me  his  sympathy  and  suj)port.  He  could 
not  alter  laws,  but  he  deprecated  a  "judaical"  inter- 
pretation of  them.  His  final  letter  to  myself  was  as 
follows : — 


'I  V 


THE  ISTESDANTS  BEBPON^. 


"  iDtcDdunce  Roy alo  do  la  lV>vin«o  de  Fkue 
"  BoniiotUlD.  II  Septemhre.  ItSS. 

'■  J'apprends  avec  une  veritable  [n-'Uie  lea  t 
cult^  que  TOU8  rencontres!  de  la  part  de  M.  le  Guide  ( 
pour  Teffectuation  de  votre  pirillcuso  ontreprise  scient^l 
fique,  mais  je  doie  vous  dire  auad  avec  regret  qoe  ces  diffi-  I 
crdt^  resident  dansun  r^glement  fait  eu  Tue  de  la  s^curifi'  ■ 
des  voyageurs,  quclque   puisse  etre  le  but  de  leuis  i 


*•  Di^'sireux  iK^Humoins  de  Tous  etro  utile  notammeat  e 
la  circonstance,  j'invite  aujourd'hui    meme  M.   le  Gnida  I 
Chef  h  avoir  eganl  k  votre  projet,  a  faire  en  sa  fareur  une  f 
exception  au  reglement  ci  dovaiit  eu,  tant  qu'il  n'y  am*  I 
aucun  danger  pour  votre  sijreti^  et  celles  des  personnes  q 
voue  accompagneront,  et  eufiii  de  so  prfiter  dans  les  limita 
de  ees  moyens  et  attributions  pour  rheureux  suce^  i 
resp^dition,  dont  lea  ctmsiquenees  et  r^snltals  n'int^res 
pas  seuleiuent  la  stieuco,  mais  encore  la  valliSe  de  Cllli 
mounix  ea  particulier. 

"  AgTi^ez,  Monsieur, 
'■  rassurance  de  ma  consideration  tre9-<liatingui& 
"  Tour  riuteodant  en  coup!. 
"  Le  Secnitaire, 

■'  DfetEOLIBE." 

While  waiting  for  this  permissiou  I  employed  nijTHelf  i 
various  ways.     On  the  Snd  of  September  I  ascended  t 
Br^vent.  from  which  Mont  Biiinc  is  seen  lo  great  adran 
tuge.     From  Cliamouui  its  vast  slopes  are  so  foresbottOM 
that  one  gete  a  very  imperfect  idea  of  the  extent  to  1 
traversed  to  reach  the  Kiininiit.     What,  howevor,  «tr 
me  most  on  the  Breveut  was   the   changed  relatiuu  < 
tliQ  Aiguille  du  Dru  and  the  Aiguille  Verte.     Fmm  ] 
unvert  the  former  appears  a  moat  impueing  maa,  vliB^ 


die  [teak  of  the  lattt-r  appears  rather  dwarfed  behind  it ; 
but  from  the  Er^vent  the  Aiguille  dii  I*ni  is  a  mere 
piunacle  stuiJi  in  the  breast  of  the  grander  pjTaraid  of  the 
Aiguille  Verte. 

On  the  4th  I  rose  early,  and,  strapping  on  my  telescope, 
aeoecded  to  the  Montanvert,  where  I  engaged  a  youth  to 
accomptuiy  me  up  the  glacier.  The  hearena  were  clear 
luid  beautiful : — blue  over  the  Aiguille  du  Dm,  blue  over 
tiie  Jurasie  and  Mont  Mallet,  deep  blue  over  the  pinnocleB 
i>r  Cbarmoz,  and  the  same  splendid  tint  stretched  grandly 
ovw  tlio  Cul  du  G^ant  and  its  Aiguille.  No  trace  of  con- 
destiation  appeared  till  towanla  eleven  o'clock,  when  a 
little  black  balloon  of  cloud  swung  itself  over  the  Aiguilles 
Bonges.  At  one  o'clocic  there  were  two  large  massee  and 
a  little  one  between  them ;  while  higher  up  a  white  veil, 
almost  too  thin  to  be  visible,  spread  over  a  part  of  the 
heuvons.  At  th<>  zenith,  however,  and  south,  north,  and 
wtsBt,  the  blue  seemed  to  deepen  as  the  day  advanced.  I 
risited  the  ice-wall  at  the  Tacul,  which  seemed  lower 
tliau  it  was  last  year;  the  cascade  of  le  Gi^-ant  appeared 
tina  far  less  imposing.  Only  in  the  early  part  of  summer 
do  we  see  the  ice  in  itn  true  grandeur :  its  edges  and  sur- 
lacee  are  then  sliarp  and  clear,  but  afterwards  its  nobler 
maaaes  shrink  under  the  inUiience  of  sun  and  air.  The 
ierac»  now  apjiearcd  wasted  and  dirty,  and  not  tlie  sharp 
sDgolar  ice-caetlea  which  rose  so  grandly  when  I  first  eaw 
them.  Thirteen  meu  had  crossed  tlie  Col  duU^ant  ou  the 
day  previous,  and  left  an  ample  trace  behind  them.  This 
I  followed  nearly  to  the  summit  of  the  lalL  The  con- 
ditiuM  of  tbo  glacier  was  totally  different  from  that  of 
the  upp^isite  side  ou  the  previous  year.  The  ice  was 
jnvn,  burrowed,  and  honeycombed,  but  the  track  amid 
oil  irits  easy :  a  vigorous  English  moideu  might  have 
mdi'^  the  fall  without  much  difficulty.     My  object  now 

k  to  examine  the  structure  of  the  fall ;  but  the  ice  was 
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1  not  in  a  good  condition  for  such  an  examination :  it  v 
I  too  much  brokon.  Still  a  definite  slnicturo  was  in  manj 
\  places  to  be  traced,  and  some  of  them  ap[>arently  sbowcd 
I  Btructiire  and  bedding  at  n  high  angle  to  each  olJicr,  but 
\  I  conld  not  be  iwrtain  uf  it.  I  paused  at  every  corami 
ing  point  of  view  and  examined  th«  ice  through  my  oirmt' 
glass ;  but  the  result  was  incoitchisive.  I  obeerved  that 
I  the  terraces  which  compose  the  fall  do  not  front  the  middl^' 
I  of  the  glacier,  but  turn  their  foreheads  rather  towards  itK 
[  eastern  side,  and  the  conpeqiienee  is  tlint  the  protuberances 
lower  down,  nhich  are  the  remains  of  these  terrace*,  wo 
I  highest  at  the  Game  side.  Standing  at  the  base  of  llio 
I  Aiguille  Noire,  and  looking  doimwanb  where  the  Okder' 
des  Pi^riades  pushes  itself  against  the  Geant.  a  series  of  fine 
cnmiplefl  is  formed  on  the  former,  cut  acToss  by  ereromMv 
[  on  the  walls  of  which  li  forward  and  backward  dipping  of 
I  the  blue  veins  is  exhibited.  Huge  crumples  are  alflfl 
I  formed  by  the  Glacier  du  tii^ant,  which  are  well  seen  fiom 
I  K  point  nearly  opposite  the  lowest  lateral  moraine  of  tlrt 
I  Glacier  dea  Pcriades.  lu  some  cases  the  up[)er  portioB#' 
I  of  the  crumples  had  scaled  oft"  so  ns  to  form  nrcheft  At 
[  ice — a  cousequence  doubtless  of  the  pressure, 
1  The  beauty  of  some  Alpine  skies  is  treacherous ;  in  Iftoi 
tlio  deepest  blue  often  indicates  an  atmosphere  charged 
'  almost  to  saturation  with  aqueous  vapour.  This  vrea  tlitt 
r  case  on  the  present  occasion.  Soon  afLerreaehingChaniotini 
I  in  the  evening,  rain  commonceil  and  continued  with  scatcdj 
I  any  iutermissiou  until  the  aft«ninon  of  the  8tb.  I  faa^ 
L  given  up  all  hoi>es  of  being  able  to  ascend  Mont  Blatie; 
m  and  hence  rreolved  lo  place  the  tbermometera  in  i 
K  more  accessible  ftotutioit.  On  the  9th  acronliugly,  atrt-om- 
r  piinie<l  by  Mr.  Wills,  Hahiiat.  and  some  other  friends,! 
I  ascended  to  the  summit  of  the  .Tardiu,  wht>ro  we  j»la«ed 
I  two  UierTflometers :  ono  in  the  ice,  at  a  depth  of  three  fe 
Bbi-Iiiw  tlic   siirfiu'c;   unolher  on  a   ledge  of  th«   htgbt 
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Kx'-k.'    The  iMiiliLg-poiiit  of  water  at  this  place  was  lU4'ti" 

Dtfflp  simw  was  upon  tlje  Tulefre,  ami  the  surrounding 
pocipices  were  also  heavily  laden.  Avalanches  thundered 
inoeasaotly  from  the  Aiguille  Verto  and  tho  other  moun- 
tains, ilicarfely  five  minutes  on  an  average  intervened 
betwe«?n  evL-ry  two  successive  peals ;  and  after  the  direct 
shock  of  ea<;h  arahinche  hod  died  away  the  air  of  tJie  basin 
continue<l  to  be  slmken  by  the  eelioa  reflected  from  its 
Iwuncliug  waits. 

Tliti  day  was  far  spent  before  we  had  completed  our 
vork.  All  through  the  weather  had  been  tine,  and  towards 
erening  augmented  to  magnificence.  As  we  descended 
the  glacier  from  the  Couvercle  the  sun  was  just  disappear- 
ing, and  the  weetem  heaven  glowed  with  crimson,  whioh 
irept  gradually  up  the  sky  until  finally  it  reached  the 
tenith  itself.  Snch  intensity  of  colouring  is  exceedingly 
mro  in  the  Aljis;  and  this  fact,  together  with  thu  kuonn 
vnriutioiia  in  the  intensity  of  tho  tirmameutaJ  blue,  justify 
the  coni'lusion  that  the  colouring  must,  in  a  great  measure, 
be  dne  tn  some  variable  conttituent  of  the  atmosphere.  If 
(Af  air  were  competent  to  pniduce  these  magnificent  eflects 
Uiey  would  bo  the  rule  iustea^l  of  the  exception. 

No  sooner  had  the  tlicrmometers  been  thus  <lis|wsed  of 
diaii  the  wiMither  a])peared  to  undergo  a  permanent  change. 
Oh  the  lUth  it  was  perfectly  fine — not  tlie  slightest  mist 
upon  Mont  Ulanc ;  on  the  llth  this  was  also  the  case. 
Ilalmat  hUII  had  the  old  thermometer  to  which  1  have 
atrr-tuly  referred ;  it  might  not  do  to  show  the  minimuni 
Utmpiiratnre  of  the  air,  but  it  might  show  the  temperature 
at  u  certain  depth  below  the  surface,  1  tuid  in  my  own 
CMC  that  the  finishing  of  work  has  a  great  mural  vuliiu  : 

*  TliB  nJniniiini  b^mpi?n>lur<.'  tit  the  nibwqat'iil  winter,  as  sLown  1>;  Iliii 
M  -«-'  Falir,  otSS-'bHlow  llie  fti-ewngpcpiDt.    The  Innti 
||  pbM'd  in  tbu  loe  WBB  hrulii:Li. 
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work  completed  is  a  safe  {alcram  for  the  performaiice  of 
other  work ;  and  even  though  in  the  course  of  our  labouis 
experience  should  show  us  a  better  means  of  accomplishing 
a  given  end,  it  is  often  far  preferable  to  reach  the  end, 
even  by  defectiye  means,  than  to  swerve  from  our  course. 
The  habits  which  this  conviction  had  superinduced  no 
doubt  influenced  me  when  I  decided  on  placing  Balmat's 
thermometer  on  the  summit  of  Mont  Blanc. 


SHADOWS  UF  THE  AIGUILLES. 


SECOSD  ASCENT  OF  MONT  BLANC,  1858. 

(25.) 

On  tlip  12th  of  September,  at  5^  A-st,  the  sunbeams  had 
already  (alien  upon  the  mountain ;  but  though  the  sky  above 
liim,  and  over  the  entire  range  of  the  Aiguilles,  was  without 
i  cloud,  the  atmosphere  presented  an  api)earanee  of  tur- 
bidity resembling  that  produced  by  the  dust  and  thin 
smoke  mechanically  aiiHjwndGd  in  a  London  atmosphere  on 
»  dry  summer's  day.  At  20  minutes  past  7  we  quitted  Cha- 
ttiouni,  bearing  with  ua  the  good  wishes  of  a  portion  of  its 
inhabittmta. 

A  lady  aecompanied  us  on  horseback  to  the  point  where 
the  patb  to  the  Grands  Mulcts  devintes  from  that  to 
the  Plan  des  jXiguillea ;  here  she  turned  to  the  left,  and 
We  proceeded  slowly  upwards,  through  woods  of  pine, 
hnng  with  fantastic  lichens :  escaping  from  the  gloom 
(tf  these,  we  emerged  upon  slopes  of  Ixraky  underwood,  green 
lioeel,  und  green  larch,  with  tlie  red  berries  of  the  moun- 
t&in-4kBh  shining  brightly  between  them.  Tlirough  the  air 
ahove  MB,  like  gnomons  of  a  vast  sundial,  the  Aiguilles  cast 
&eir  fanlike  shadows,  which  moved  rtimid  ns  the  day  ad- 
vanced. Slopes  of  rhododendrons  with  withered  Howcts 
next  succeeded,  but  the  colouring  of  the  bilbeTTy-k-aves  was 
warcely  less  exquisite  tlian  the  freshest  bloom  of  tlie  Alpine 
rose.  For  a  long  time  we  were  in  the  coot  shadow  of  the 
mountain,  catching,  at  intervals,  through  the  twigs  in  front 
of  ua,  glimpses  of  the  sim  surroimded  by  coloured  spectra. 
On  one  occasion  a  brow  rose  in  front  of  me ;  Ijehind  it  was 
a  InstrcFiis  space  of  heaven,  adjacent  to  the  smi,  which,  how- 
ever, waa  hidden  behind  the  brow ;  against  this  space  the 
twiga  and  weeds  upon  the  smiuuit  of  the  brow  shone  as  if 
I  3 
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tiwy  v/t;ii-  »<'ir-Uirainoii8,  wiiilt-   soio--  bite  of  Uiiatlft-down 

fluating  in  the  nir  appL-are<l,  where  l)i(.-y  rrosscd  t\uB  portion 

I  nf  the  lieavens,  like  fragments  of  the  BUn  himself.     Once 

■  the  orb  Hpi)eiiro(l  behind  a  rouu(]ed  maes  of  snow  wliicfa  lay 

nsur  the  summit  of  the  Aignilli?  dii  Itlidi.    Looked  ut  with 

the  nnktsl  pyL-s,  it  ewnied  to  jkisscbs  u  billowy  motion, 

tlie   light   durling   from   it   in   dazzling    eurvea, — a   snb- 

joctive  effect   produced   by  the   abnormal   action  of  tbe 

I  intense  light  ujwn  the  eyo.     As  the  sun's  djek  canio  mora 

I  into  view,  it«  rays  however  still  (i^zing  the  munmjt  of  tho 

I  mountain,  interfi'renre-speirtni  darted  from  it  on  all  aAe», 

ftnd  surrounded   it  with  a  glory   of  riclily-coloured   Iwrs. 

Mingling  liowever  with  tlie  grtiudeur  of  nature,  we  had 

the  anger  and  obstinacy  of  man.     With  a  view  to  i 

quent  legal  prot^eedings,  liie  (juide  Chef  sent  a  spy  after  to, 

who,  liaving  satisfied  himself  of  our  delinqneucy,  took  hig 

luiplo-ujsant  presence  from  the  splendid  Si'ene. 

Strange   to    say,  though   the   luminous   appearance  i 
I   bodii.«  projected  against  the  sky  iul(iii'ent  to  the  rising  sa 

is  u  most  striking  and  l>L'uutil'ul  plicnomenon.  it  is  haidlj 
I  ever  seen  by  either  guides  or  tjaveiiers;  i>fobably  becaoM 
they  avoid  looking  towards  a  sky  the  brightness  of  whit^  il 
painful  to  the  eyes.  In  l^r*!!  Auguste  Babiint  had  t 
8uen  the  effcnt ;  and  the  only  written  descriiiliim  of  it  whid 
we  1KWS08S  is  one.  furiiisbcd  by  Proftsssor  Necher,  in  k  lutUI 
to  Sir  David  Bre\V8tor,  whii'h  is  »i  inten«ting  that  I  i 
not  hesitate  to  reproduce  it  here : — 

'*  I  now  rorae  to  the  point."  writes  M.  Npckor, 
you  partii-ularly  wisbisj  me  lo  duscriltp  to  you  ;  I  ini'iin  tl 
!  luiiiinmis  upjioarimce  of  trfiiw,  xlinibs,  and  binb,  ^ 
stjeii  from  the  foot  of  a  mountain  u  little  before  fumi 
The  wisli  I  had  to  st-t;  u^inun  the  plienotiieit'iu  before  i 
'  tumpting  to  deeurilH^  it  made  uiu  dotam  thiti  li<ttur  a  fi 
daya,  till  i  hiwl  a  fine  day  to  go  to  seo  it  at  Uiu  Hout  8 
live ;  so  ycHlerdjiy  I  went  there,  and  atudlud  tli«  fiicl*  m 
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(duudation  of  it  I  made  a  little  drawing,  of  whiuL  I 
B  you  hfre  a  wpy :  it  will,  with  the  explanatiou  and  thf 
annexed  diagmiii  (Fig.  9),  imiiart  to  ytm,  I  hope,  a  correL't 
idiia  of  tho  phenoinenoii.  You  nmst  conceive  the  oltserver 
placi^d  at  the  foot  of  a  liill  interposed  between  liim  and  tlu' 
j^-D  where  the  sun  is  rising,  nod  tliua  entirely  in  the 
abadi? ;  the  upper  margin  of  tho  moimtain  b  covered  with 
woods  or  detached  treea  mid  shrubs,  which  are  jjrojected 
U  durk  obj'-cte  on  a  very  bright  and  ch-ar  sky,  except  at 
tho  ver)'  plaoe  where  the  sun  is  just  g'Uiig  to  rise,  for 
tlicro  all  the  treos  and  shrubs  hordoring  the  margin  are 
Mitinily. — lironehes,  leaves,  stem  and  all,^-of  a  pure  ami 
brilliant  white,  appearing  extremely  bright  auJ  himiuous. 
althongli  piTijecled  on  a  most  brilliant  and  luminous  ^hy. 
M  that  part  of  it  which  surroundH  thf  son  always  is.  All 
UiB  ntinuli>«t  detiiiU,  leaves,  twigs,  Ac,  are  most  dtilicately  . 
pr(nter>'ed,  and  you  would  fancy  you  saw  these  trees  and 
fnreKt«(  tnade  of  the  purest  silver,  with  nil  tho  skill  of  the 
mtMt  expert  workman.  The  swallows  and  other  buxls 
;  in  those  particular  spots  appear  like  sparks  of  the 
brilliant  while.  Unfortunately,  all  the»e  details. 
i  add  so  innch  to  the  beauty  of  tliis  splendid  pheuo- 
I,  canuot  1)0  represented  in  such  small  sketches. 
tber  the  hour  of  the  day  n'tr  the  angle  which  tin- 
t  makes  with  tlie  observei-  appears  to  have  any  effect ; 
B  occasious  I  have  seen  the  phenomenon  take 
i  at  a  vory  early  hour  in  the  morning.  Yesterday  it 
)j^II.,  when  I  saw  it  as  represented  in  Kij;.  If.  I 
t  again  oa  the  same  day  at  Ti  p.m.,  at  a  dJlTereut 
the  sanio  mountain,  for  whicli  the  sun  was  just 
At  one  time  the  angle  of  elevation  of  the  lighted 
8  Bhrnbs  al«)V(^  the  horizoo  of  tiie  BjH'ctator  was  about 
,  while  at  another  place  it  was  only  15*^.  But  thv 
t  of  th<r  Helil  of  illumination  is  variable,  according  to 
w   at   which    the   ajtectator  is  placed  froi 
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^^B\\  hon  the  object  liehiiid  which  tltc  sun  is  just  going  tn 
^^nise,  or  has  just  been  setting,  is  very  near,  no  such  effect 
^^^  j^^^^^^  takes  place.     In  the  case 

represented  in  Fig,  9  the 
distauce  was  about  1&4 
metres,  or  (i3(>  English 
fieet,  from  th<^  sjiectator  ia 
a  direct  line,  the  height 
ubove  his  level  being  60 
metres,  or  l!>7  English 
feet,  and  the  horizontu] 
line  drawn  from  him  to 
the  horizontal  projection 
of  these  jjoint*  on  thti 
piano  of  his  horizon  being 
I  CO  mitres,  or  525  Eng> 
lish  feet,  as  will  be  seen 
in  the  following  diagram,, 
"»».  Fig.  10. 

"In  this  cast!  only  small  shrubs  and  the  lower  half  of  the 
stem  of  a  tree  tin'  illuminated  white,  and  the  horizontal 
extent  of  tliis  effect 
is  alsi  >  compara- 
tively suialJ;  while 
at  other  places  yrhen 
I  was  near  the  edge' 
behind  which  the 
siui  w&s  going  to  rise  no  such  effect  took  plaice.  But 
the  contrary,  when  I  have  witnessed  the  phenomenon  at  a 
greater  distance  and  at  a  greater  height,  aa  I  have  seen  it 
other  times  on  tiie  same  and  on  other  mountains  of  the 

•  Alps,  large  tracts  of  forests  and  immense  spruce-firn  wei«, 
illuminated  white  throughout  their  whole  lengtli,  an  I  have 
Attempted  to  represent  in  Fig.  11,  and  the  corresjionding 
iliagraui,  Fifj;.  12.     Xothhig  can  bo  finer  tliau  these  ulvcr- 
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looking  spnice-forestfl.  At  tUo  same  time,  though  at  a 
duuncit  of  more  tlian  a  tlioiLsuiiii  metres,  a  vast  number  of 
largB  swallows  nr  swifts  .^^^^^ 

{C^ftelm  alpinut),  which 
inhabit  theae  high  rocks, 
wtst6  seen  as  small  bril- 
liant stars  or  sparks  mor- 
iiig  rapidly  in  the  air, 
Fhim  these  facts  it  a[i- 
pMn  to  me  obrious  that 
the  extent  of  the  Qhimi- 
nated  spots  varies  in  a  di- 
rwct  ratio  of  their  distanct'; 
bnt  at  the  same  time  that  ' 
there  must  be  a  constant 
auj!;iilar»pace,  correspond- 
ing probably  to  the  zone, 
a  few  minut«8  of  a  de- 

wide,    around    tlie  ^"""^ 

'adi^k,  which  is  a  limit  '''"■ "' 

occurrence  of  the  appearance.  This  would  explain 
the  real  extent  which  it  occupies  on  the  earth's  surface 
varies  with  the  relative  dit^tance  of  the  spot  from  the  eye  of 
the  nbserrer,  and  accounts  also  for  the  phenomenon  being 
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ttrwea  in  the  lowcountrj-.  where  1  have  ofl-en  looked  for 
1  VOtn.     Now  that  you  are  ncijuainted  with  the  circum- 
a  of  the  fact,  I  have  no  doubt  you  will  easily  observe 
l<'iii  some  part  or  other  of  your  Scotch  hills;  it  may  be 
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I  «)me  long  heather  or  furze  will  play  the  part  of  our 
I  Alpine  forests,  and  I  would  adviflc  you  to  try  and  plane  & 
I  bee-hive  in  the  required  position,  and  it  would  perfectly 
I  represent  our  swallows,  sparks,  and  stars." 

Our  porters,  with  one   exception,   reached  the  Pieire' 

I'Echelle  as  soon  as  ourselves ;  and  here  having  refreshed 

themselves,  and  tlie  due  exchange  of  loaiht  having  been 

[  mode,  wo  advanced  upon  the  glacier,  which  we  croMed, 

until  we  came  nearly  opposite  to  the  hose  of  the  OmndB 

'  Mulets.     The  existence  of  one  wide  crevasse,  which  i 

(  deemed  iiupaBsable,  had  this  year  introfluced  the  practice 

I  of  aasailing  the  rocks  at  their  base,  and  climbing  them  to 

'  the  cabin,  an  operation  which   Balmat  wishfd  to  avoid. 

At  Chatnouui,  therefore,  he  had  made  inquiries  regardin|{ 

the  width  of  the  chasm,  and  acliug  on  Ids  advice  I  had 

had  a  ladder  conetrueted  in  two  pieces,  which,  united  U^Or 

tlier  by  iron  attachments,  was  supposed  to  be  of  Buflicient 

length  to  span  the  fissure.     On  reai-liing  the  Utt^'r,  the 

pieces  were  united,  and  the  ladder  tliniwu  acruea.  but  tha 

I  bridge  was  so  fraU  and  shakj'  at  the  place  of  jimctioti.  and 

I  the  chasm  su  deep,  that  Balmat  pronounced  the  j 

I  impracticable. 

The  porttira  were  all  grouped  beside  the  crevasse  when 
I  this  annoimcemeut  was  mode,  and,  lilte  hounds  in  search  o 
[  the  scent,  the  group  instantly  broke  up,  SL-ekiiig  in  all 
f  directions  for  a  means  of  pEissage.  The  talk  mis  incew«ant 
[  and  animating :  attention  was  now  called  in  one  dinM^tion,- 
F  anon  in  another,  the  men  meanwhile  throwing  themselves 
I  into  the  most  picturesque  groups  and  attitudes.  All  eye4, 
[  at  lengtli  were  directed  upon  a  fissure  which  was  sputBed 
I  at  ime  point  liy  an  arcli  of  snow,  certAinly  nnder  two  fee 
f  deep  at  the  cn>wn,  A  stout  ropo  was  tied  round  the  whu 
I  of  one  of  our  porters,  and  he  was  sent  forward  to  IvM  tiu 
e.  He  approached  it  cautiously,  treading  iluini  ( 
'  to  give  it  compaetUGHR,  and  thuR  make  luM  foe 
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lie  advaucud; 
le  maas  the  ueoes^ary  continuity,  nud  ci'<i6HCtl  iu 
The  rope  was  aubstKiuently  Htretclied  ovur  the 
d  eacli  of  ns  CAusing  bis  rigbt  hand  to  slide  along  it, 
\bweA  ivitlioiit  nceideut.  Soon  afterwards,  however,  we 
met  with  a  aecnnd  and  very  formidable  crevaaae,  to  cross 
which  wti  hnd  but  half  of  uur  ladder,  wlucli  was  applied  as 
fofioWM; — Tho  side  of  the  fissiire  on  which  we  stood  was 
lower  tlian  the  opposite  one ;  over  thf  edge  of  the  latter 
(irojcct*'d  a  comiee  of  snow,  and  a  leilge  of  the  tuiine 
iant«rial  jntted  from  tbw  wall  of  the  crevassu  a  little  below 
US.  The  bidder  was  placed  from  ledge  to  coruice,  both  of 
its  en*b)  Ix^ing  supported  by  snow.  I  could  hardly  believe 
that  an  frail  a  bearing  could  possibly  support  a  man's 
weight ;  but  a  porter  was  tied  as  before,  and  sent  up  the 
Uildur,  wbile  we  followed  protected  by  the  rope.  We 
were  afterwards  tied  together,  and  thus  advanced  in  an 
oiderly  line  to  tho  Grands  Muleta. 

The  cabin  was  wet  and  diHagroeablc,  but  tho  sunbeaimi 
fell  up"!!  the  brown  rocks  outside,  and  thither  Mr,  Wills 
nnd  invMolf  repaired  to  watch  the  changes  of  tho  almo- 
sjiUvrc.  T  took  possession  of  the  Hat  summit  of  a  prism  of 
rook,  wlicn;,  lying  upon  my  back,  I  watched  the  clouda 
funning,  and  melting,  and  massing  themselves  together, 
aiid  tearing  themselves  like  wool  asunder  in  the  air  alwve. 
it  was  nature's  language  addressed  to  the  intellect; 
these  clouds  were  visiblti  symlxils  which  enabled  us  to 
uudentaiid  what  wm  going  on  in  the  iiivisilile  air.  Here 
wwteD  currents  met.  possessing  (UHerent  lemperaturfs, 
muutig  their  contents  both  of  hiimiility  and  motion,  pro- 
5  a  mean  temjieratxire  unable  to  hold  their  moisture 
>  of  vapour.  The  watep-piirticles,  obeying  their 
I  attractions,  closed  up,  and  a  visible  cloud  suddenly 
[  itself  ODt,  wbero  a  moment  before  we  had  the  pur» 
r  lieavon.     Bomu  of  the  clouds  were  waited  by  the 
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air  towards   atmospheric   reginns  already  saturatod  witk 

moisturp,  and  along  their  frontal  Ixirders  new  cloudlet!' 

ever  piled  theniHelTes,  while  the  hinder  portions,  tDraded 

by  a  drier  or  a  warmer  air.  were  dissipated :    thus  the 

cloud  advanced,  with  gain  in  front  and  loss  behind,  it«  per^ 

manence  depending  on  the  balance  between  tliem.     The 

day  waned,  and  the  sunbeams  began  to  assume  the  colon> 

ing  due  to  their  passage  tlirongh  the  horizontal  air.     The 

glorioue  light,  ever  deepening  in  eolour,  was  poured  Iwun-- 

teously  over  cxags,  and  snows,  and  clonds,  nnd  suSusei] 

with  gold  and  crimson  the  atmosphere  itself.    1  had  never 

Been   anything    grander  than    the   sunset   on   that   day. 

Clouds  with  their  central  portions  densely  black,  denying 

all   passage   to   the    beams   which   smote   them,   floated: 

westward,  while  the  fiery  fringes  wliich  bordered  them: 

were  rendered  doubly  vivid  by  contrast  with  the  adjacoit 

L  gloom.     The  smaller  and   more   attenuated   clouds  trdrS 

I  intensely    illuminated    tliroughout.      Across    other   inkj^ 

were   drawn   zigzag   bars   of  radiance  which 

sembled  streaks  of  lightning.     The  firmament  between 

the  clouds  faded  from  a  blood-red  through  orange  and 

daffodil   into   an   exquisite    green,   which   spread   like  A 

sea   of  glorj'  through  which  those   mi^nificent  argoeieS 

slowly  sailed.     Some  of  the  clouds  were  drawn  in  straight 

I  chords  across  the  arch  of  heaven,  these  being  doubtlcM 

I  the  sections  of  kyerfl  of  cloud  whose  horizontal  dimen* 

I  sions  were  bidden  from  us.     Tlie  cumuli  around  and  ncftT 

I  the  sun  himself  could  not  be  gazed  upon,  until,  as  tliff 

day  declined,   they   gradually  lost   their  effulgence  and 

became  tolerable  to  the  eyes.      All  was  calm— but  then 

was  a  wildness  in  the  sky  like  that  of  anger,  which  bod«d 

evil  paeaions  on  the  part  of  tho  atmos^ere.     The  i 

I   at  length  sank  behind  the  hilla,  but  for  some  time  nfl«^ 

!s  carmine  clouds  swung  tbemseives  on  high,  and  o 

r  ruddy  hues  upon  the  moimtaiu  snows.     l>mki«r  a 
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oolder  waxed  the  west,  ooldft  auil  aharjier  the  breeze 
rf  evening  upon  the  Grands  Millets,  and  as  twilight 
deepened  towards  night,  and  the  stars  commenced  to 
twinkle  tlirough  the  chilled  air,  we  'retired  from  the 
wwue. 

TIk!  unticipated  storm  at  length  gave  notice  of  its 
coming.  The  sea-waves,  as  observed  by  Aristotle,  some- 
times reach  tlie  shore  before  the  wind  which  produces  them 
is  felt ;  and  here  the  tempest  sent  out  its  precnreors, 
which  broke  in  detached  shocks  upon  the  cabin  before  the 
teal  storm  arriveiL  Billows  of  air,  in  ever  quicker  succfia- 
sion,  rolled  over  us  with  a  long  surging  sound,  rising  and 
tailing  as  crest  succeeded  trough  and  trough  succeeded 
crest.  And  as  tlie  pulses  of  a  vibrating  body,  when 
Uioir  succession  is  quick  enough,  blend  to  a  continuous 
note,  so  these  fitful  gust«  linked  themsetveH  fiually  (o  a 
storm  wliicli  made  it«  own  wild  music  among  the  crags, 
(irandly  it  swelled,  carrying  the  imagination  out  of  doors, 
to  the  clouds  and  darkness,  to  the  loosened  avalanches  and 
whirling  snow  u£)ou  the  mountain  heads.  Monrwl  to  the  rock 
'in  two  mides,  the  cabin  stood  firm,  and  it*  manifest  security 
nlloweil  ibe  mind  the  undisturbed  enjoyment  of  the  atmo- 
Rphttrio  war.  We  were  powerfully  shaken,  but  had  no 
fear  of  being  uprooted:  and  a  certain  grandeur  of  the 
heart  rose  responsive  to  the  grandeur  of  the  storm. 
Mounting  higher  and  higher,  it  at  length  reached  its 
maximum  strength,  from  which  it  lowered  fitfully,  raitil 
at  length,  with  a  melancholy  wail,  it  bade  our  rock  far«>- 
waU. 

A  little  before  half-past  ono  we  issued  from  the  cabin. 
The  night  being  without  a  moon,  we  carried  three  lanterns. 
ITie  heavens  were  crowded  with  stare,  among  winch,  how- 
ever, angry  masses  of  cloud  here  and  there  still  wandered, 
~~  a  storm,  too.  had  left  a  ittar-guard  behind  it ;  and  strong 
a  rolled  down  upon  ns  at  intervals,  at  one  time,  indeed. 
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I  to  violf'iit  as  to  c^iise  Balmat  to  express  doobtd  of  out 
I  beiiig  able  to  reach  the  fiuuitait.    With  a  thick  hAndkerctuef 
bound  around  my  hat  and  ears  1  enjoyed  the  onset  of  the 
wind.     Onoe.  taming  my  head  to  the  left,  1  say  what  ap- 
peared to  me  to  be  a  huge  mwfs  of  stiatiis  cloud,  at  I 
great  distaace,  with  the  stars  Bhinlng  over  it.     Id  another 
inBtAtit  It  precipice  of  nevi  loomed  upon  us ;  we  were  ckiM 
to  ite  base,  nnd  along  its  front  the  annual  layers  were  aepx 
I  rated  from  each  other  by  broad  dark  bands.     Throogh  t' 
I  gloom  it  appeared  like  a  cloud,  the  lines  of  bedding  giringl 
I  to  it  the  stratus  character. 

Immediately  before  lying  down  on  tlic  prerions  evei 

I  Iiad  opened  tlm  littJe  window  of  the  cabin  tu  admit  a 

In  the  sky  in  front  of  me  shone  a  curioiis  nodule  of  mistyi 

I  light  with  a  pale  train  attached  to  it.     In  1853,  on  (" 

I  side  of  the  Brocken,  I  had   obecrreil,  without    preyi 

I  notice,  a  coniet  discovered   a  few  days  pre^-iously  by  i 

I  former  fellow  student,  and  here  was  another  "iliBccveiyl 

of  the  same  kind.      I  inRi>eoted  the   stranger  with  i 

eleacope,  and  oissured  myself  tliat  it  was  u  comet.     iSr. 

r  WilU  chanced  to  bo  outside  at  the  time,  and  made  tlie  Oum 

obsexvation  independently.     As  we  now  advanced  ap  tlu 

I  mouiitoiii  its  ominous  light  gleamed  behind  Uin.  while  bi^ 

I  up  in  heaven  to  our  left  the  planet  Jupiter  burned  like 

I  a  lamp  of  intense  brightness.     The  Petit  Plateau  i 

I  a  kuid  of  reservoir  for  the  avalanclien  of  the  Dome  t 

I  Gout^,  and  this  year  the  acenmulatiou  of  frozen  debiil 

I  upon  it  was  enormous.     We  i^idd  aoo  nothing  hut  tlte  m 

I  hhickH  on  which  the  light  of  the  lanterns  immediutvly  foil ; 

I  we  only  knew  that  they  had  been  dLichargal  from  ti 

L  airaea,  and  that  similar  matwes  now  rose  threatening  tu  ii 

I  right,  and  might  at  any  moment  leap  donn  upon  its.    B«]< 

\  uml  commanded  Biluncu,  and  urged  oa  to  movts  aunxn  Wm 

pliit»'«u  with  all  po!«ible  wlcrily.    The  warning  of  iiU 

guide.  Ilic  wild  and  niki«h  itppuurancti  of  the  aky,  Uiu  % 
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(imjertUc'S  at  our  feet,  and  the  eotnet  with  its '■  horrid 
hair  "  h^hincl,  formed  u  combiiiatiou  emioentJy  culculiitod 
to  exrite  the  imu^iuatioii. 

And  now  the  sky  begim  to  brighten  towards  dawn,  with 
diat  doop  and  cahn  beauty  which  suggoots  the  thought  of 
adoratiuu  to  the  human  mind.  Helped  by  the  coutem- 
ptatjoti  of  tlie  brighteniiLg  east,  which  seemed  to  lend 
lightnoH^  to  our  muscles,  we  cheerily  brensttd  the  steep 
dopi^  up  to  the  Grand  Plateau.  The  snow  here  was 
deep,  and  each  of  our  porters  took  the  lead  in  tuni. 
Wit  paused  upon  the  Grand  Plateau  and  had  breakfast ; 
(li)^;iiig,  while  we  halted,  our  feet  deeply  into  the  snow. 
'rUence  up  to  thi-  eorrifior.  by  a  totally  ditVcrcnt  mute  from 
that  {lormed  by  Jlr.  Hirst  and  myself  thf  year  pre^-ioualy ; 
the  slopo  was  ste«-p.  bat  it  had  not  a  precipice  for  its  boun- 
dary. Deep  sti?ps  were  necessarj'  for  a  time,  but  when  we 
reached  the  summit  our  ascent  became  more  gentle.  ITie 
uasteru  sky  twutinued  to  brighten,  and  l»y  its  illumination 
tho  Grand  Plateiin  and  its  bounding  heights  wore  lovely 
beyond  coneeption.  The  snow  was  t»f  the  purest  wliit*,  and 
the  gUeicr,  as  it  pushed  itself  on  all  sides  into  the  basin,  was 
riVDri  by  fistmres  lillcd  with  n  cosrulean  liglit,  ivliich  deofi- 
f-OMl  to  inky  ghiom  as  the  vision  dosceuded  into  them.  The 
«ig«*  were  overhmig  with  fretted  cornices,  fnim  which 
ilBI>ended  long  clear  icicles,  tapering  irom  their  abutmentu 
Hke  epears  of  crystal.  Tho  distant  fisa^^e^  aci-oss  wliicli 
the  vision  ranged  obliquely  witliout  doscondiug  into  them, 
emitted  that  magical  firmumontal  sltimmer  which,  contrasted 
with  the  pure  whito  of  tlie  snow,  was  inexpressibly  lovely. 
Near  lo  ua  also  grand  castles  of  ice  reared  themselves,  some 
,  3ome  overturned,  with  clear  cut  sides,  striped  by 
I  of  tho  anuual  snows,  white  high  above  llic 
r  tho  phit«-uu  rose  their  still  grander  brothers  of 
»  du  Goulc.  Thi're  was  a  nobility  in  this  glaeit>r 
I  think  1  have  never    seen    tiurpussed; — a 
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strength  of  nature,  and  yet  a  tendemese,  which  at  onoe 
raised  and  purified  the  soul.  The  gush  of  tho  direct. 
BuiJiglit  coulii  add  nothing  to  this  heavenly  beauty 
deed  I  thought  its  yellow  beams  a  profanation  as  they 
crept  down  from  the  humps  of  the  Dromedary,  and  iaraded 
more  and  more  the  solemn  purity  of  the  realm  below. 

Our  way  lay  for  a  time  amid  fine  fissures  with  blna 
walls,  until  at  length  we  i-eached  the  edge  of  one  which 
elicited  other  sentiments  than  tlioae  of  admimtion.  It 
must  be  crossed.  At  the  opposite  side  was  a  high  and 
Btoep  bank  of  ico  which  prolonged  itself  downwards,  and 
ended  in  a  dependent  eave  of  snow  which  quite  orer- 
hung  the  c]ti\sm,  and  reached  to  within  about  a  yard  of 
our  edge  of  the  crevasse.  Balmat  came  forward  with  hit 
axe,  and  tried  to  get  a  footing  on  the  eave :  he  beat  H 
gently,  but  the  axe  went  through  the  snow,  forming 
aperture  through  which  the  darkness  of  the  chiistn  ' 
rendered  visible.  Our  guide  was  quite  free,  without  ropa 
or  any  other  means  of  security ;  he  beat  down  tlie  snow  80 
as  to  form  a  kind  of  stirrup,  and  upon  this  he  stepped. 
The  stirrup  gave  way,  it  was  right  over  the  centre  tf  the 
chasm,  but  with  wonderful  tiict  and  coolaoss  he  contrived 
to  get  sufiicieut  purchase  &om  the  yiuldiug  mass  to  toM 
himself  back  to  the  side  of  the  chusm.  The  pope 
now  brought  forward  and  tied  roimd  the  waist  of  ana 
of  the  porters ;  another  stcjt  was  cautioiLsly  made  iit  tha 
eave  of  snow,  the  man  was  ludix^d  across,  and  lessened 
his  own  weight  by  nieiuis  of  his  hatcliet'.  He  gm- 
diially  got  footing  on  tlie  face  of  the  st^^-ep,  which  hs 
I  moiuitfid  by  escoliers ;  and  on  reaching  a  sufiicient  height 

cut    two  laige   steps  in  which   his   feet  might 

I  aeourcly.    Ilere  he  laid  his  breast  against,  the  sloping  wnD^ 

I  and  another  i^rson  was  sent  forward,  who  drew  himself 

y  the  rope  which  was  attached  to  tbe  leader.    Tliiw  we  oO 

-~-)d,  each  of  us  in  tuni  bearing  the  strain  of  hi^  -  -  - 
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sor  upon  tlie  rope :  it  was  our  last  diiBeulty,  and  we  after- 
1  slowly  plodded  tUrougli  the  anow  of  the  corridor 

a  the  base  of  the  Sfur  de  In  Ctta. 
rabing  zigzag,  we  soon  reached  the  summit  of 
'  Mnr,  and  immediately  aftervrarda  found  ourselves 
in  the  midst  of  cold  drifting  clouds,  which  obscured 
BTerything.  lliey  dissolved  for  a  moment  and  re- 
vealed to  us  the  sunny  valley  of  Chamouiii;  but  they 
soon  swept  down  again  and  completely  enveloped  us. 
Upon  the  Calotte,  or  last  slope,  I  felt  no  trace  of  the  ex- 
haustion which  I  bod  experienced  last  year,  but  enjoyed  free 
langs  and  a  ijuict  heart  The  eloufis  now  whiiled  wildly 
TDund  us,  aud  the  fine  snow,  which  was  caught  by 
the  wind  aud  spit  bitterly  against  us,  cut  off  all  visible 
communtration  Iw'tween  us  and  the  lower  world.  As 
we  approached  the  summit  the  air  thickened  more  and 
more,  ftud  the  cold,  resulting  from  tlie  withdrawal  of  the 
sunbeams,  became  intense.  We  reached  the  top.  how- 
evor,  in  good  condition,  and  found  the  new  snow  piled  up 
into  a  ahiiqi  aritc.  and  tbf  summit  of  a  form  r|uite  dif- 
foront  from  tliat  of  the  Don  (f  wji  Ant;  wbith  it  had  presented 
tha  previous  year.  Leaving Balraat  to  make  a  bole  for  the 
thormometer,  I  collected  a  number  of  batons,  drove  them 
into  til"'  Huow,  and,  ilrawing  my  plaid  round  them,  formed 
S  Jdnii  of  extempore  tent  to  shelter  my  boiling-water 
rstus.  The  coveiing  was  tightly  held,  but  the  snow 
S  u  fine  and  dry  at^  dust,  and  jicnetrated  every wliere : 
}f  lamp  could  not  be  secured  from  i^  nud  half  a  box  of 
3  consumed  in  the  effort  to  ignite  it.  At  length 
1  flame  up,  and  carried  on  a  sputtering  combustion. 
I  cold  of  the  Butiw-filled  boiler  condensing  the  vapour 
1  the  himp  gnuluully  produced  a  dRij),  wluch,  when 
f  cnotigh  lo  detiwrh  itacif  from  the  ve^el.  fell  upon 
Iftime  and  put  it  out.  It  required  ranch  patience  and 
i  expenditure  of  many  matches  to  relight  it.     lleannhile 


tlie  ftbsencc  uf  miiBcnlar  octiun  (.-tiiisod  the  cold  to  aSetlli 
iL-n  severely.     My  beard  aiid  whiskers  were  a  i 

I  of  clotted  ice.  The  batons  were  coated  with  ico,  and  eveai 
Iho  stem  of  my  thermometer,  the  bulb  of  which  was  in  hoi 
irator,  was  coTcred  by  a  frozen  cniimtjL  The  filouds  whirled, 

,  BDd  tho  little  aoow  granules  hit  spitefully  against  the  b 
wherever  it  was  espnapd.  The  temperature  of  tlie  air  wm 
21}"  Fahr,  Itelow  the  freezing  point.  I  was  toe  intent  upul 
my  work  to  heed  tlie  cold  much,  but  1  was  numbed ;  one  ti' 
my  fingers  had  lost  sensation,  and  my  right  heel  was  ti 
jmin :  still  1  had  no  thought  of  forsaking  my  obe 
until  Mr.  Wills  came  to  me  and  said  that  we  must  i 
speedily,  for  Balmat'e  hands  were  iiel^ea.  1  did  not  conw 
preheud  tlje  full  rignifieani-e  of  the  word ;  hut.  looking  tt 
the  porters,  they  premented  such  an  aspect  of  suffering  that 
1  feared  to  detain  tJiem  longer.  They  looked  like  » 
old  men,  their  hair  and  clothing  white  with  snow,  and' 
their  faces  blue,  withered,  and  nuxions-lookiug.  Thii  Itofcj' 
being  ready,  I  asked  Balmat  tor  the  magnet  to  8 
the  index  of  the  thermometer :  bis  hands  soeran-d  powers 
leas.   I  struck  my  tent,  det>ositeil  the  instrument,  and,  I 

■  watcheil  the  covering  of  it  up,  some  of  the  party,  atnoag 
whom  were  Mr.  Wills  and  Bidmat,  oommenced  tiur 
descent.* 

I  followed  them  speedily.    Midway  down  the  ('alotta 
]  saw  Balmat.  who  was  about   a   hundred  yards  in  ] 

I  vance  of  uie,  suddenly  pause  anil  tlirust  his  haudn  into 
the  snow,  and  commence  rubbing  them  vigorously.     ThB 

,  Buddenuess  of  the  act  snrpriseti  me,  but  1  lind  no  idea 

I  at  the  tiini?  of  its  real  significance ;  I  »oon  camo  up  to  him ; 

I  he  seemed  frightened,  and  continued  to  beat  and  mh  hill 

I  faandii.  pliuiging  them,  at  quick  intervals,  into  Ihi-  suaw.  Atill 

■  In  Augtul,  1838.  I  foiiiul  tlie  IcniininkliirH  o(  wsW.  linOhig  to  a 
fettpvn  TctMiI  at  llio  BUiumit  of  Moal  Blaiir,  to  hv  IM'^5^  F»lir.    On  tin 
111  almi,  tiKiiigli  a  labotkiiu  «oarch  itu  muilo  fur  Uiu  Uiunnmnotor,  ti 
4  not  b«  found. 
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I  tiougbt  the  tiling  would  speedily  pans  away,  for  I  liad  too 
muuli  feitU  in  the  man's  esperience  to  suppose  tJiat  he  would 
peruiit  lUmself  to  bo  seriously  injured.  But  it  did  not  pass 
M 1  liiipt-d  it  would,  and  tbo  terrible  possibility  of  his  loaing 
bis  bands  prcsent-ed  itself  to  me.  He  at  Icn^h  became 
MbaMed  by  hi»  own  efforts,  staggered  like  u  dnmken 
nun,  and  fell  HiK>iith«  snow.  Mr.  Wills  and  myself  took 
(.■mi  n  liHud,  and  trontmued  the  process  of  beating  and 
ndibiup;.  t  feared  that  we  should  injure  him  by  oiu'  blows, 
but  he  continued  to  exclaim, "  N'aye?.  pas  peur,  frappcz  lon- 
joutB.  frapp'Z  fortement !"  We  did  so,  until  Mr.  Wills 
Wamo  exhausted,  and  a  porter  hod  to  toko  his  plnc«. 
Hauiwhile  Balmut  pint^lied  and  bit  his  fingers  at  inter- 
ims, to  t*'8t  tlieir  condition ;  but  there  was  no  sensation. 
He  was  evidently  ho[)eles3  himself;  and,  seeing  him  thus, 
produced  an  efl'ect  upon  me  tiiat  I  had  not  experienced 
siace  my  boyhood — my  heart  swelled,  and  I  could  have 
Wt^t  tiko  ft  child.  The  idea  that  I  wliould  be  In  some  mea- 
nn  the  cause  of  his  losing  his  hands  was  horrible  to  ine ; 
Khumea  for  his  8up[)ort  nwlii-d  through  my  mind  with  the 
tinal  swiftness  of  Huch  speculations,  but  mi  scheme  cuuld 
Ralore  tti  liim  his  lost  hands.  At  length  returning  sem^ation 
ill  one  hand  announced  itself  by  excruciating  pain.  "  Je 
wutTre!"  he  exclaimed  at  intervals — words  which,  from  a 
■Dan  of  his  iron  endiu-iinec,  had  a  more  than  ordinary  signifi- 
cance. But  pain  was  better  than  death,  and.  under  the 
cinnitDEtaiices,  it  sign  of  imfirovemcnt.  We  resiiroed  our 
doscent,  wldlo  ho  continued  to  rub  his  bands  with  snow  and 
ttnuuiy.  tbnistiug  them  at  every  few  paces  into  the  mass 
l)m>ug)i  which  wo  nmrt'hed.  At  Cliamoiini  ho  had  skill^il 
ictd  advice,  by  adliering  to  whiclt  he  eseajwd  with  llic 
f  hi.^  nails — his  liands  were  saved. 
innot  close  this  recital  without  expressing  my  ad- 
1  of  the  daunthisH  bearing  of  our  porters,  uud  of 
I  and  efiicient  manner  in  which  thev  did  thetr 
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I  duty  throughout  the  whole  expedition.  Their  nnmes  are 
Edouard  BelUn,  Joseph  Favret,  Miohel  Tayot,  Joseph 
Folli^et.  und  Alexandre  Balmat 


(26.) 

The  hostility  of  the  chief  giiide  to  the  expedition  t 
not  diminished  by  the  letter  of  the  Int^ndant ;  and  he  at 
'  once  entered  a  procea  verbal  against  Bolmat  and  his  com- 
panioiis  on  their  return  to  Ohamoiini.  I  felt  that  thd 
power  thus  vested  in  au  niiiettorcd  man  to  arrest  the  pii> 
'gresa  of  seietitific  observations  was  so  anomalous,  that  the 
enlightened  and  liberal  Government  of  Sardinia  wooh] 
never  tolerate  such  a  state  of  things  if  properly  represontad 
to  it.  The  British  Association  met  at  Lewis  that  year,  and 
to  it,  aii  a  guardian  of  science,  my  thoughts  turned. 
accordingly  laid  the  case  before  the  Association,  aod  oIk 
tained  its  support:  a"  resolution  was  unanimously  [lussed 
"  iJiat  application  be  made  to  the  Sardinian  authorities  for 
increased  facilities  for  making  scientific  observations  iff 
the  Alps." 

Considering  tlie  arduous  work  wbicb  Balmat  had  per* 

formed  in  former  years  in  connexion  with  the  glacitTK,  and 

especially  his  zeal  in  determining,  imder  the  direclioa  < 

Professor  Forbes,  tlieir  winter  motion — for  which,  at.  in  tltfli 

case  above  recorded,  he  refused  all  personal  remunoratiui 

— I  thought  such  semcea  worthy  ol'  some  recognitiou  oi. 

I  the  part  of  the  Koj-al  Society.     1  suggested  this  to  thl 

I  Council,  and  was  met  by  the  same  cordial  spirit  of  « 

1  operation  which  I  )iml   previously  experienced  at  Lctedii 

A  sum  uf  five-aud-tfvonty  guineas  was  at  once  voted  fa 

I  the  purL'hase  of  u  suitable  testimoniid  ;  and  a  committM 

consisting  uf  Sir  Roderick  5[urchiBt>n,  Profi-ssor  Forbeflj 
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and  mj'suU'.  was  appointed  to  carry  the  tiling  out.  Balmat 
wiw  cuEisultcd,  and  lie  chose  a  photographic  ajiparatus, 
which,  with  a  suitable  iit§oription,  was  duly  presented  to 
IiJin. 

Thus  fortified,  I  drew  up  an  account  of  what  liad  occurred 
at  Cliaiuouni  during  my  last  visit,  acconijianied  by  a  brief 
statcTuent  of  tlie  changes  which  seemed  desirable.  This 
was  placed  in  the  hands  of  the  President  of  the  British 
Association,  1o  whose  promjit  and  powerful  cooperation  in 
tJuB  matter  every  Alpine  explorer  who  aspires  to  higher 
grounrl  tlian  ordinary  is  deeply  indebted  Tlie  following 
letter  assured  me  tliat  the  facility  applied  for  by  the  British 
Associntion  would  be  granted  by  the  Sardinian  Govem- 
liu.>nt,  and  that  fature  men  of  science  would  fiod  in  the 
Alps  a  less  embarrassed  field  of  operations  than  had  fallen 
to  my  lot  in  the  eurrimcr  of  18.')8. 


■■  12.  UCTlford-sln«t,  Miiyfiuf.  W., 

"  Mv  'Wr  8ir, "  fVlimury  IMtli.  18S9. 

"  Huviug,  as  I  informed  you  in  my  last  note, 
commimit^Ied  with  llie  Sardinian  Minister  Plenipotentiary 
tbo  day  aller  receiving  yoijr  statement  relative  to  the 
guides  at  Chamonni,  I  have  been  favoured  by  replies  from 
tliL-  Minister,  of  tlie  4th  and  17th  February.  In  tlie  first 
le  Marquis  d'Azeglio  assures  me  that  he  will  bring  the 
before  the  competent  authorities  at  Turin,  accom- 
ng  the  tranamission  '  d'une  recommendation  toute 
In  the  seconfl  letter  tlie  Marrjiiis  iuforms  me 
the  preparation  of  new  regnlstionB  fur  the  guides  at 
Cbamouni  had  for  some  time  oi^cupied  the  attention  of  the 
Uinistor  of  tlie  Interior,  and  that  these  regulations  will  be 
in  rigorous  operation,  in  all  probability,  at  the  commence- 
ment uf  the  approa<;hing  summer.'  The  Marquis  adds 
tiut,  '  u  the  regulations  will  be  based  upon  a  principle  of 
jBoch  greater  liberty,  he  has  every  reason  to  believe  that 
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they  will  satisfy  all  the  desires  of  travellers  in  the  interests 
of  science.' 

*'  With  much  pleasure  at  the  opportunity  of  having  been 
in  any  degree  able  to  bring  about  the  fulfilment  of  your 
wishes  on  the  subject, 

« I  remain,  my  dear  Sir, 

"  Faithfully  yours, 
"  Richard  Owen. 

"  Pres.  Brit.  Association. 

"  Prof.  TyndftU.  F.R.8." 

It  ought  to  be  stated,  that,  previous  to  my  arrival  at 
Chamouni  in  1858,  an  extremely  cogent  memorial  drawn 
up  by  Mr.  John  Ball  had  been  presented  to  the  Marquis 
d'Azeglio  by  a  deputation  from  the  Alpine  Club.  It  was 
probably  this  memorial  which  first  directed  the  attention 
of  the  Sardinian  Minister  of  the  Interior  to  the  subject. 


FmsT  [JEFEAT.  AN'D  FKESH  ATTEMPT. 


^  WINTER  EXPEDITION  TO  THE  MER 
DE  GLACE,  1853. 

(27.) 

IIavino  U?n  days  at  my  disposal  last  ChriMtmaa,  I  wm 
uixioii^  to  emjiloy  tLein  in  making  myself  acquainted  with 
die  winter  aspecte  aud  phenoiueim  of  the  Mer  de  Glac-f. 
On  Wednesday,  the  21st  of  December,  I  accordingly  took 
my  [>laco  to  Paris,  but  on  arriving  at  Folkestone  found 
the  pea  so  tempestuous  that  no  boat  would  venture  out. 

The  loss  of  a  single  day  was  more  than  I  could  afford, 
uid  this  iailure  really  involved  the  loss  of  two.  Seeing, 
therefore,  the  prosjwct  of  any  practical  succeBs  so  small, 
I  retamed  to  London,  purposing  to  give  tlie  expedition 
up.  Ou  the  following  day,  however,  the  weather  lightened, 
aEid  I  startL-d  again,  r(?aching  Paris  on  Friday  morning. 
On  that  day  it  was  not  posaible  to  proceed  beyond  Macon, 
wlieri!,  accordingly,  I  spent  the  night,  and  on  the  following 
day  reached  Geneva. 

Mucli  snow  hiul  fallen ;  at  Paris  it  still  eumbered  the 
Rtrpcls.  and  round  about  Macon  it  lay  thick,  as  if  a  mon- 
Ihan  usually  heavy  cloud  had  discharged  itself  ou  that 
jKirtioii  of  tlie  country.  Between  Macon  and  Roussillon 
it  WBJ)  lighter,  but  from  the  latter  station  onwards  the 
tjumitity  uj)on  the  groimd  gradually  increased. 

On  Christmaa  morning,  at  8  o'clock,  I  left  Genevn  by 
the  diligence  fur  Kallenches.     The  dawn  was  dull,  but  tlie 

f  cleared  as  the  day  advanced,  and  finally  a  dome  of 

I  blue  streti'hed  overhead.     The  mountains  wen' 

;  tltcir  Hunwiird  portions  of  daialing  whiteness,  while 

tded  sides,  in  contrast  witli  tlie  blue  sky  behind  them, 

i  a  ruddy,  subjective  tint.     The  brightness  of  tlie 
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(far  t«u;Iied  its  masimiim  Itiwanls  one  o'clock,  after  wLichl 
niUkiiie^  slowly  etole  over  llie  licavens,  snd  increased  in  d 
Mty  ttiilil  final!)-  a  dmwsy  turliidity  filled  ihi?  entire  air.  Tlii 
iU»t4iiil  peaks  gradually  blendetl  with  tht-  white  atmosjtliCT 
abore  iKein  and  lost  Uioir  definitiun.  Tlie  Uiick  pine  fii 
rests  un  the  slopes  of  tlie  moiintaitis  utood  out  in  strong  ct 
tnist  to  the  snow ;  and,  when  looked  at  through  the  epe 
enclosed  by  the  tree  branches  at  either  siile  of  the  r 
they  appeared  of  a  decided  indigo-blue.  It  was  only  wbei 
tlius  detached  by  a  vista  in  front  tliat  the  blue  colour  WM 
well  seen,  the  air  itself  between  the  eye  and  the  AidMli 
pines  being  the  seat  of  the  coltmr.  Goethe  would  han 
regarded  it  as  an  excellent  illustration  of  his  'PariMH 
lelire.' 

Wo  reached  SaJlenehes  a  little  after  4  p.  m.,  where  I 
endeavoTired  to  obtain  a  sledge  to  continue  my  joiimoy.  A 
fit  one  was  not  to  be  fonnd,  and  a  earring'-  \^"-  il.i-r.-fi,nf 
thy  only  resort.     We  started  at  five ;  it  \m  : 
the  fet'ble  reflex  of  the  snow  on  each  eiili 
preferred  by  Ilie  postilion  to  the 
llie  enviable  ostrich.  I  cannot  *l;ir 
it  is  near :  and  as  the  carriage 
cipitoiis  road  sid«,  I  could  i 
*  iutt'uded  I  sliould,  but,  q 
my  limlw  of  every  enot 
driver,  and  kept  mysdf^ 
,  in  ^me  caisc»  uppt 
I  i  yonng,  i 

I  ot^n  liad  ocxWon  1 
meutioued,  ' 

Here  we  bwiwilj 
and    .Uffii'ull- 
|]iiimnioi'ky,  imd^ 
|iisTiu^  I 
>ii!ii;htc(L  not 
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warrn,  and  not  a  whisi)er  disturbed  its  perfect  repose. 
Then)  was  do  iu<x>n,  and  the  heavy  clouds,  which  now 
qnite  overspread  the  heavens,  cut  off  even  the  feeble 
light  of  the  stars.  The  sound  of  the  Arve,  ae  it  rushed 
thmiigh  the  deep  volley  to  my  left,  came  up  to  nie 
through  cmgs  and  trees  with  a  sad  mumiiir.  yome- 
ItueH  on  pa8§ing  an  obstaelp,  the  Bound  was  entirely  cut 
off,  and  the  consequent  fiih'nce  was  solemn  in  the  extreme. 
It  was  u  churchyard  stillness,  and  the  tall  bhwk  pines, 
which  ut  interrJH  cast  their  superadded  gloom  ujion  the 
rOdd.  ecemtid  like  the  hearse-pliunes  of  a  dead  world.  I 
roHChtNl  a  Wooden  hut,  where  a  lamo  man  oQers  batons, 
minexalH,  and  mu  de  vte,  to  travellers  in  summer.  It  was 
foKftken,  and  half  liuried  in  the  snow.  I  leaned  agaiuat 
the  door,  and  enjoyeil  for  a  time  the  etcrDiiesa  of  the 
BOITOdDding  sc«iu.i.  My  conveyance  was  far  behind,  and 
(  intermittent  tinkle  of  the  horses'  bells,  which  aug- 
ikted  instead  of  duninishing  the  sense  of  solitude,  iu- 
1  ine  of  the  progress  and  the  pauses  of  the  vehicle. 
S^e  Bummit  of  the  road  I  haltT'd  until  my  companion 
dme;  we  then  both  remounted,  and  proceeded  slowly 
B  Lea  Ouches.  We  passed  sumo  houses,  the  aspf^ct 
icll  was  oven  more  dismal  than  that  of  Nature  ;  their 
I  were  loaded  witli  snow,  and  wliite  buttresses  were 
rod  against  the  walls.  There  was  no  sound,  no  light, 
no  voice  of  joy  to  indicate  that  it  was  the  pleasant  Christmas 
time.  We  once  met  the  pionet-r  of  a  party  of  four  drunken 
iwamnta :  he  came  right  against  us,  and  the  coachman  linrl 
t*i  poll  U|»,  Planting  his  feet  in  the  snow  and  propping 
himself  against  the  leader's  shoulder,  the  bacchanal 
(fxhortctl  tliH  poritiliun  to  drive  ou ;  the  latter  took  him 
At  his  word,  and  overturned  hira  in  the  snow.  After 
p  uncouut^'^rcd  no  living  thing.  The  horses  seemed 
kind  of  torjMir.  and  i'-ancd  listlessly  agu 
viiiiilv  the  [tostilioii   endeavoured  to   rouse 
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them  by  word  and  whip;  they  sometimes  essayed  U 
trot  dpwn  the  slopes,  but  immediately  eubsided  to  thetl 
former  monotonous  crawl.  As  we  asoeudod  the  vallejis 
the  stillness  of  the  air  was  broken  at  intervalx  by  will 
storm-guats,  sent  down  against  us  from  Stoat  Bkni 
hiniseU  These  chilled  me,  so  I  quitted  the  ciUTWgGt 
and  walked  ou.  Not  far  from  Chamomii,  tlio  road,  tea 
Home  distance,  had  been  exposed  to  the  full  action  of  the 

'  wind,  and  the  snow  had  practically  erased  it.  lU  loft  wall 
was  completely  covered,  while  a  few  detached  Btoneaj 
rising  here  and  there  above  the  surface,  were  tJie  only 
jndicutions  of  the  presence  and  direction  of  the  right  hatui 
wall.  I  could  not  see  the  state  of  the  surface,  but  ] 
leitmed  by  other  means  that  the  snow  hod  been  I 
in  oblique  ridges  across  my  path.  I  staggered  over  f 
or  five  of  these  in  suoeession,  sinking  knee-deep,  aii4 
finally  foand  myself  immeraed  to  the  waxst,  Thia  made 
me  pause ;  I  thought  I  must  have  lost  the  road,  ivnd  Tainlji 
endeavoured  to  check  myself  by  the  positions  of  surrotind' 
ing  objects.  I  turned  bock  and  met  the  carriage:  it  had' 
stuck  in  one  of  the  ridges;  one  horse  was  d<iwn,  his  hind 
legs  buried  to  the  haunches,  liia  left  fore  leg  plunged  to 
the  shoulder  in  snow,  and  the  right  one  thrown  for^'ard 
upon  the  surface.  Cest  bim  la  route  f  demanded  ray  a 
pauion.  I  went  back  exploring,  and  assured  myself  t 
we  were  over  tlie  road  ;  but  I  rocorameuded  him  to  releaM 

'  the  hor^s  and  leave  the  carriage  to  its  fate.    He,  howevor^ 

I   succeeded  in  extricating  the  leader,  and  while  I  went  o 

ill  advance  seeking  out  the  finner  portions  of  the  rood,  ha 

followed,  holding  liis  horses  by  their  heiuls;  and  half  Ktt, 

hour's  8tru;;^Ie  of  this  kind  brought  us  to  Chamouni. 

It  also  was  a  little  "  city  of  the  dead-"     There  woB  n 

I  Uviug  thing  in  the  streets,  and  neither  euuud  nor  light  ii 

"  e  houses.   The  fonntain  mode  a  melancholy  giiTgli%  ot 

n  loosened  window-idiutttirti  crealctid  harghly  in  tlie  % 
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and  batiged  against  the  objects  whicli  limited  their  oijcilla- 
tiotw.  The  hotel  dti  rUoion,  so  bright  and  gay  in  summer, 
vm  nailod  up  and  forsaken ;  and  the  cross  in  front  of  it, 
[itretcluiig  its  snow-liideu  arms  into  the  dim  air,  was  the  tj'pe 
gf  desolation.  We  rang  the  bell  at  the  Hotel  Boyal,  btil 
the  bay  of  a,  watch-dog  resounding  through  the  house  was 
Itrag  our  only  reply.  The  bell  appeared  powerless  to  wake 
tha  fileepers,  and  its  sound  mingled  dismally  with  that  of 
the  wind  howling  through  the  deserted  passages.  The 
aiasB  of  my  boot^heel,  exerted  long  on  the  front  door,  was 
at  IvDgtli  effective;  it  was  unbarred,  and  the  physical 
bust  <}f  a  good  stove  soon  added  iteetf  to  the  warmth  of 
the  welcome  with  which  my  hostess  greeted  me. 

December  26th. — The  suow  fell  heavily,  at  frequent  in- 
tervals, throughout  the  entire  day.  Dense  elouda  draped 
all  the  mouutains,  and  there  was  not  the  least  prospect  of 
ny  being  able  to  see  across  the  Mer  de  Glace.  T 
Wlkcd  oat  alone  in  the  dim  light,  and  ailerwards  traversed 
ihe  streets  before  going  to  bed.  They  were  qiute  forsaken. 
Gold  and  Bullen  the  Arve  rolled  under  its  wooden  bridge, 
wlule  the  snow  fell  at  inti-rvals  with  heavy  shiwk  from  the 
loofs  of  the  houses,  the  partial  echos  from  the  surfaces  of 
die  graunlos  combining  to  render  the  sound  lond  and 
hoDow.  Thus  the  couci^rus  of  this  little  hamlet  were 
diangc*!  and  fashioned  by  the  obliquity  of  the  earth's  axis, 
tba  obaiu  of  deiiendence  wliich  runs  throughout  creation, 
Itwiring  the  roll  of  a  planet  alike  with  the  interests  of  mar- 
mots aud  of  men. 

Tnosday,  27ih  I.>ecembi>r. — 1  Rise  at  six  o'clock,  having 
ormugLfl  with  my  men  to  start  at  seven,  if  the  weather  at 
all  porinitted.  Edouard  Simond,  my  old  a^istant  of  18.57, 
toA  Joiieph  Tairraz  were  the  guides  of  the  party ;  the 
portars  were  Edouard  Bulmat,  Joseph  Simond  (Ills  d'Au- 
g^iate),  Franiyjia  liavnnal,  and  another.  They  came  at  the 
lime  appointwl ;  it  waa  snowing  heavily,  and  we  agreed  to 
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wait  till  eight  o'clock  and  then  decide.     They  returned  at 
eight,  and  finditi":  them  dmpoaed  to  try  the  ascent  to  the 
MoDtanvert,  it  wao  not  my  place  to  baulk  them.    ThrDOgli 
the  valley  the  work  was  t  asy,  as  the  anow  had  been  par- 
tially beaten  down,  but  we  eoou  passed  the  habitable  Umita 
and  had  to  brt-nk  ■,'Tound  for  onreelvefiL     Three  of  my  men 
had  tried  toreiiili  tlioMontanvertbyii  fi/wronthepreriom 
Thursday,  but  tlieir  exjiericnee  of  the  rent©  had  been  sach 
as  to  deter  thciu  from  trjing  it  again.     We  now  chose  tlie 
ordinary  route,  breasting  the  slope  until  we  reached  the 
cluster  of  chakta,  imder  the  projecting  eave  of   odp  of 
which  the   men   halted   and   applini  "  pattens "  lo  their 
feet.     Tliese   cuiisistud   of   planks  about   sixteen   inckea 
long  and  ten  wide,  which  were  firmly  strapped  to  the  feet. 
My  first  impression  was  that  they  were  worse  than  useless, 
for  though  tliey  sank  less  deeply  than  the  unarmed  feet, 
on  being  raised  they  carried  with  them  a  larger  aniount  of 
snow,  which,  with   tin-   leverage  of  tlio  leg,  api>eared  to 
necessitate  an  enormous  waste  of  force.     I  stated  this  em- 
pliaticaUy,  but  the   men   adhered   to  their  pattens,  and 
before  I  reached  the  51ontunvcrt  I  had  reason  to  commend 
their  practice  as  preferable  to  my  theory.     I  was  however 
guided  by  the  latter,  and  wore  no  pattens.     The  general 
dejith  of  the  snow  along  the  tnick  was  over  three  feet ;  the 
footmarks  of  the  men  were  usutilly  rigid  enough  to  bear 
my  weight,  but  in  many  casi^  I  went  through  the  crust 
which   their  pn'ssure  liad  pntdncod,  and   sank  suddenly 
in  the  mass.     The  snow  became   softer  ns  we  ascended, 
and  my  immersions   more  frei^uent,  but  the   work  was 
jmre  enjoyment,  aiwi  the  sceiio  one  of  extreme  beanty. 
l"he  previous  night's  snow  had  descended  tlirough  a  pi>r- 
fectly  still  atmosphere,  and  liad  loaded  all  the  brancbcs 
of  the  pines;  the  long  anns  of  the  trees  drooped  under 
the  weight,  and  presented  at  their  extremities  the   ap- 
pearaace  of  enormous  talons  turned  downwards.     Some 
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of  tiio  Htuiitl^r  and  thicker  trees  were  almost  entirely 
an-t!ru(1.  uml  iia.sume<l  grotesque  anil  beautiful  forms ;  the 
ap[wr  part'  nf  ouo  iu  partit^ular  resembled  a  huge  white 
jMiTut  with  folded  wings  and  drooping  head,  l!ie  shimber 
of  tJiP  hiM  harmonizing  with  the  torpor  of  surroundiug 
nature.     I  liavo  given  a  Bketch  of  it  in  Fig.  13. 


■  ag,„^t2jjrtf 'oj/v 


PreviiHw  In  reaching  tJie  half-way  spring,  where  tlie 

peasant  girls  offer  strawlierriee  Ui  travellers  in  summer, 

I.  crooHed   two    large   couloirs  tilled  with  the  dZ-bris  of 

B  which  had  fallen  the  night  jjefore.     Between 

8  a  ridge  forty  or  fifty  yarda  wide  on  which  the 

B  very  deep,  the  dope  of  the  mountain  also  adding 

npouent   to   the  fnir  thiekneHS  of  the   snow.      Sly 

r  grarxjil  tho  top  of  the  embankment  to  my  right  as 

1  the  ridge,  and  oiife  or  twiec  I  found  myself  waist 

p  iu  ft  vertical  shaft  from  which  it  required  a  consider* 

£3 
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I   able  effort  to  escape.     Suddenly  we  heard  u  deep  nonnd 

\   resembling  the  dull  report  of  a  distant  ^n,  and  at  the  eame 

moment  the  snow  above  ns  broke  across,  forming  a  fUsure 

parallel  to  our  line  of  march.    The  layer  of  snow  liad  been 

I    in  a  state  of  strain,  which  om'  crossing  brouglit  to  a  e 

I   it  gave  way,  but  having  thus  relieved  itself  it  did  not 

I    descend.     Several  times  during  the  ascent  the  same  phe- 

1   nomenon  occurred.    Once,  wliile  engaged  upon  a  very  steepi 

I    slope,  one  of  the  men  cried  out  to  the  leader,  "ArrSUx! 

Immediately  in  Iront  of  the  latter  the  snow  had  given  way^ 

forming  a  zigzag  iiesure  across  the  slope.     We  all  paused, 

expecting  to  see  an  avalanche  descend.     Tairraz  was  in 

front ;  he  struck  the  snow  with  his  baton  to  loosen  it,  but 

'   seeing  it  indisposed  to  descend  Jho  advanced  cautiously 

I    across  it,  and  was  followed  by  the  others.     I  brought  up 

I    tJie   rear.     The  steepness  of  the   mountain  side  at  this 

[    place,  and  the  absence  of  any  object  to  wluch  one  might' 

I   cling,  would  have  rendered  a  descent  with  the  snow  in  the 

lost  degree  perilous,  and  we  all  felt  more  at  ease  when  a 

j   Hafe  footing  was  secured  at  the  further  side  of  the  incline. 

At  the  spring,  which  showed  a  little  water,  the  i 

paused  to  have  a  morsel  of  bread.     The  wind  had  changed, 

the  air  was  clearing,  and  our  hopes  brightening.     Ah  wo 

I  ascended  the  atmosphere  went  through  some  extraordiDAiy 

I  mutations.     Clouds  at  first   gathered  round  the  Aignilltt 

and   IJdme   du   Goutc,  casting  tlie   lower  slopes  of  the 

I   mountain  into  intense  gloom.     After  a  little  time  oU  this 

cleared  away,  and  the  beams  of  the  sun  striking  detKchod' 

pieces  of  the  slopes  and   summits  produced  an  extroor* 

dinary  effect.     The  Mguille  and  I)6me  were  most  Bingn* 

larly  illumined,  and  to  the  extreme  left  rose  the  whitn 

B  conical    hump   of  the   Dromedary,   from   which    a   long 

I  vtreamor  of  snow-dust  waa  carric-d  euuthwurd  by  the  wjimL 

I  The  Aiguille  du  Dm,  wliich  had  huna  cumplutcly  maatlsd 

E  during  the  earlier  part  of  the  day,  now  tliruw  off  ils  < 
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fsponr  and  ro*e  iu  most  solemn  majesty  before  ue ; 
I  of  its  granilfi  coue  was  warmly  iUiiminated,  and 
I  in  shadow.  The  wind  was  higli  iu  the  upper  regions, 
t  catching  the  dry  snow  which  rested  on  the  asperiliee 
Lledges  of  the  Aigiulle,  shook  it  out  lihe  a  vast  banner 
pUiB  air.  The  changes  of  the  atmosphere,  and  tho 
bdenr  wluch  they  by  turns  reyealed  and  concealed, 
pved  tiie  ascent  of  all  weariness.  We  were  usually 
jked  right  and  left  by  pines,  but  once  between  the 
in  and  the  Montanvert  we  had  to  croes  a  wide  nn- 
red  portion  of  the  mountain  which  was  quite  covered 
with  tlio  snow  of  recent  avalanches.  This  was  lumpy  and 
lar  more  coherent  than  the  undisturbed  snow.  We  tnok 
^^^nuitage  of  this,  and  climbed  zigzag  over  the  avalanches 
^^^htbree-quarters  of  an  hour,  thus  reaclung  tho  opposite 
^^^Bee  at  a  point  consi<lcral)ly  higher  than  the  path.  This, 
^lEough  not  tho  least  dangerous,  was  tlio  least  fatiguing 

purt  of  the  ascent. 
I  I  frequently  examined  the  colour  of  the  snow :  though 

ih,  its  blue  tint  was  by  no  means  so  pronounced  as  I 
a  Been  it  on  other  occasions ;  still  it  was  beautifid.    The 
'  is,  no  doubt,  due    to  the   optical    reverberations 
occur  within   a   tissvu^e  or  cavity  formed   in  the 
The   light   is  sent  from  side  to  .side,  oacb  time 
^ing  a  little  way  into  the  mass;  and  being  ejected 
it  by  reflection,  it  thus  undergoes  a  sifting  prooess, 
[  finally   rcai'bes  the   eye   as   blue   light,      Tho   pre- 
1  of  any  object  wliich  cuts  off  this  cross-fire   of  the 
light  destroys  the  colour.     I  made  conical  apertiu^s  in  the 
snow,  iu  some  cases  three  feet  deep,  a  foot  wide  at  the 
tuutb,  and  tapering    dowu  to   the  width  of  my  baton. 
n  the  latter  tiaa  pliicetl  along  tho  axis  of  such  a  cone, 
8  light  which  had  [ireviotisly  filled  tlie  cavity  di^p- 
;  uD  the  witJidrswal  of  the  Imton  it  wan  followed 
(  light,  and  thus  by  moving  the  staff  up  and  down 
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I  its  motions  were  followed  by  tlie  tiltemate  appearance  and 
I  extinction  of  the  light.  I  have  said  thiit  the  holes  ntad« 
I  in  the  snow  soemed  filled  with  a  blue  light,  and  itcertunly 
I  appeared  as  if  the  air  contained  iu  the  cavities  had 
I  itself  been  colom-ed,  and  thereby  rendered  risible,  th* 
I  vision  plunging  into  it  as  into  a  blue  medium.  Another 
I  fact  is  perhaps  worth  notice ;  anow  rarely  lies  so  8moot]i  M 
1  not  to  present  little  asperities  at  its  surface ;  little  ridgeS 
I  or  hillocks,  witli  little  hollows  between  them,  Snob  small 
I  hollowti  resemble,  in  some  degi-ee,  the  cavities  whtch  I  tniidtfi 
I  in  the  snow,  and  from  tbem,  in  the  present  inetanee^ 
I  (leUcuIe  light  was  sent  to  the  eye,  faintly  tinted  witK 
I  the  pure  bine  of  the  snow-cryatals.  In  comparison' 
I  with  the  spots  thus  illuminated,  the  little  protuberancea 
I  were  gray.  The  portions  moat  exposed  to  the  bght  Beemedl 
1  least  illuminated,  and  their  defect  in  this  respect  tiudtf 
I  them  appear  as  if  a  light-brown  dust  had  been  strewn  0V6P" 
I  them. 

I  After  five  hours  and  a  half  of  hard  work  we  readied  the 
I  Montanvert.  I  had  often  seen  it  with  jtleasure.  Ofteo,' 
I  having  spent  the  day  alone  amid  the  throes  of  the  Col  dtt' 
I  Gt^ant.  on  turning  the  promontory  of  Trelaporte  on  my  w«y, 
I  home,  the  sight  of  the  little  mansion  has  gladdened  me,  Aod 
I  given  me  vigouc  to  scamper  don-u  the  glacier,  kuawing 
i  that  pleasant  faces  and  wlioleeomc  fare  were  await)ii^< 
I  me.  This  day,  also,  the  sight  of  it  was  most  welcowev^ 
I  despite  its  desolation.  The  wind  h<id  awejit  round  the- 
I  fluberge,  and  carried  away  its  euow-bnttresses,  piling  llw 
IjtLass  thus  displaced  against  the  adjacent  sheds,  to  tin*  roofs; 
ftjuf  wliich  one  might  step  from  the  surface  of  llie  snow.  Tbn 
I  floor  of  the  little  chateau  in  which  I  lodged  in  ISTi"  whs 
I  ci>vered  with  snow,  and  on  it  were  the  fresb  footmarlw 
I  of  a   little  animal— tt   marmot  might   have   made  soilh' 

marks,  had  not  tlie  marmots  been  all  aslei'ii — what  tbfrl 

cic'aturf  was  I  do  not  know. 
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la  tho  application  of  her  own  principles,  Nature  often 
tnuMO(rtKl»  tiiv  human  iniaginution  ;  lioructs  are  bolder  ihan 
unr  jrreiiiutions.  Itistlius  with  the  motiouof glaciers;  itwaB 
tints  at  till-  Slontanvt-rt  tm  tliu  ilay  now  referred  to.     The 
&ayn,  uvea  wliere  the  windows  npiieared  wfU  closed,  were 
eoTered  witli  a  thin  layer  of  fine  snow ;  and  somo  of  the  inat- 
treses  in  the  bedrooms  were  coatwl  to  the  depth  of  half 
Mt  inch  with  this  fine  jtowder.     liiven  a  chink  throngh 
iriuiib  the  finest  dust  can  pass,  dry  snow  apjvoars  com- 
pMent  to  make  iU  way  tluVDugh  the  same  fissure.     It  bad 
■lao  been  beaten   against  the  windows,  and  clung  there 
lUce  a  ribbed  drapery.      In  one  case  an  eflect  ao  singular 
vaa  eshibited.  that  I  doubted  my  eyes  wlien  I  first  saw  it. 
la  fiDtit  of  a  Urge  pane  of  glass,  and  <]uite  detached 
fron  H,  savu  at  its  upper  edge,  was  a  festooned  curtain 
fermed  entii-ely  of  minute  ice  cryGtals.     It  apjH^red  to  ho 
w  fine  aa  musUu ;  the  ease  of  ita  curves  aud  the  deptli 
of  its  folda  being  such  as  could  not  be  excelled  by  tlio  in- 
luntional    orrangL-nient   of   ordinary    gauze.     The    frosl- 
jie  of  the  wiudow-panes  were  also  of  the  moat 
inary   character:   in    some  coses  they  extended 
>I»rge  Bjiaces,  and  presented  the  appearance  which  we 
(A»ervy  in  London;   but  on  other  panee  they  co- 
in detachpii  clusters,  or  in   single   flowers,  these 
Itg  themaclvM  together  to  form  miniature  bouquets 
■table  beauty.      I  placed  my  warm  hand  against 
Me  which   was  covered   by   the  cr)-sla.llii!atiou,   and 
the  frostwork  which  clung  to  it.     I  then  witlidrew 
^rbiuid  and  looked  at  the  tilm  of  liquid  through  a  pocket- 
leu*.     iTie  glaan  cooled  by  contact  with  the  nir,  and  after 
«  lime  tlif  film  commenced  to  move  at  one  of  its  edges : 
utntu  doBLil  with  atom,  and  thy  motion  ran  in  linng  liur-s 
through  the  pellicle,  until  finally  the  entire  film  present^^d 
the  beauty  and  doUcocy  of  an  organism.     Tlio  connexion 
•Q  such  objecta  and  what   wc    are   accustomed  to 
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call  the  feelings  may  not  be  maoilest,  but  it  is  nevertheless 
true  that,  besides  api^ealing  to  the  pare  intellect  of  man, 
these  exquisite  productions  can  also  gladden  lus  heart  and 
moisteu  his  eyes. 

The  glacier  excited  the  admiration  of  us  all :  not  as  in 

summer,  shrunk  aud  suUied  like  a  spent  reptile,  steaming 

under  the  influence  of  the  sun,  its  frozen  musodeew 

compact ;   strength  and   beauty   were   associated   in  its 

aB[)CCt.     At  some  places  it  was  pure  and   emooth; 

others  frozen  fins  arose  from  it,  high,  steep,  and  sharply 

cresti^d.  Down  the  opposite  moimtain  side  arrested  s 

set  themselves  erect  in  successive  terraces,  the  fronts  of 

which  were  fluted  pillars  of  ice.     There  was  no  aouiid  0 

water ;  even  the  Nant  Blaiic,  which  gushea  from  a  spring, 

and  which  some  describe  as  ]>ermanent  tliroughout  tbew 

ter,  showed  no  trace  of  existence.   From  the  Montanvert  U 

Treiajiorte  the  Mer  de  Glace  was  all  iu  Bha<low ;  but  tlw 

sunbeams  pouring  down  the  corridor  of  the  Ueant  ruled 

a  beam  of  light  across  the  glacier  at  its  upper  portion^ 

smote   the  base  of  the  Aiguille  du  9Ioine,  and  flooded 

the  mountain  with  glory  to  its  crest    At  the  opposite  aid) 

of  the  valley  was  tlm  Aiguille  du  Dm,  with  a  banneret  0 

enow  streaming  from  its  mighty  cone.     The  Grande  Jo 

rasse,   and  the   range  of  summits  between   it   and 

I     Aiguille  du  G^ant,  were  all  in  view,   and   the  Charmoi 

'     raised  its  precipitous  cliffs  to  the  right,  aud  pierced  witi 

,     its  splinter-like  pinnacles  the  clear  cold  air.     As  the  nigb 

,     dri3w  on,  the  mountains  seemed  to  close  in  niwn  us ;  a 

I     on  looking  out  before  retiring  t«  rest,  a  scene  so  sola 

bad  never  before  preseuted  itself  to  my  eyes  or  offeD 

I     my  imagination. 

[         My  mpn  occupied  the  afh-ruooa   of   the  day   of   i 
I     arri\'al  in  making  a  preUminary  essay  upon  th*'  glw 
I     while  I  prepared  my  instruments.     To  the  person  wliin 
I    1  intended   to   fix   my  stations,    three   otliers 
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.  by  sound  ropes  of  coHBulerable  length.      Hidden 
lee  we  knew  were  to  be  encountered,  and  we  had 
B  doe  preparation  for  theni.  'ITiroiighout  the  afternoon 
I  weather  remained  tine,  and  ut  night  the  stars  shone 
fcbtit  Btill  with  a  feeblo  luetre.      1  could  notice  a  tur- 
Ity  gathering  in  the  air  over  tlie  range  of  the  Brevent, 
I  seemed  disposed  to  extend  itself  towards  us.     At 
%t  I  iJoced  a  chair  in  the  middle  of  the  snow,  at  some 
Stance  from  the   bouse,   and   laid   on   it  a   registering 
thermometer.     A  bountiful  fire  of  pine  logs  was  made  in 
tho  saUe  h  mani/er ;  a  mattress  was  placed  with  its  foot 
towards  the  fire,   it*  middle  line  bisecting  the  right  angle 
in  which  tliB  fireplace  stood ;  this  being  found  by  experi- 
^juut  to  be  the  i>osition  in  which  tho  drafts  from  the  door 
^^Hlr&om  tho  windows  most  effectually  neutralized  each 
^^Hjar.    In  this  region  of  calms  I   lay  down,  and  covering 
^^I^Belf  with  blankets  and  duvets,  likened  to  the  crack- 
ling of  the  logs,  and  watched  their  ruddy  flicker  upon  the 
walhi,  until  I  fell  asleep. 

The  ^^■ind  rose  during  the  night,  and  shook  the  windows : 
one  pane  in  particular  seemed  si;t  in  unison  to  the  gusts, 
and  res]>onded  to  them  by  a  loud  aud  melodious  vibration. 
I  rose  and  wedged  it  round  with  »>us  and  penny  pieces, 
and  thus  rjuenched  its  untimely  music. 

December    28th. — We    were    up    before    the    dawn. 

z  put  my  fire  in  order,  and  I  then  rose.     The  tem- 

I  of  the   room   at  a  distance  of  eight  feet  &ora 

B  was  two  degrees  of  Centigrade  below  zero ;   the 

;  temjierature  outsidn  was  eleven  degrees  of  Centi- 

»  below  zero, — not  at  all  an  excessive  coltL      The 

a  indeed  had,  during  the  night,  thrown  vast  diaphragms 

JO  sky,  and  thus  prevented  the  escape  of  the  earth's 

0  B|iaoti.  * 

ile  my  assistants  were  preparing  breakfast  I  had 

a  inspect  tho  glacier  and  its  bounding  heighta.     On 
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I  looking  np  the  Mer  de  Glace,  tbe  Grande  Jurosse  moets 

I  tlie  view,  rising  iii  st«ep  outline  from  the  wall  of  difib 

I  wliich  terminates  the  Glacier  de  Lschaud.     Bublud  tllis 

I  Bleep  aiicending  ridge,  which  ia  sliown  on  the  frontiv* 

I  piece,  and  npon  it,  a  Bcries  of  clouds  liad  ranged  th«m» 

I  eeivea.  Btretehing  lightly  along  the  ridge  at  some  plaoeau 

I  and    at    others   collecting    into    ganglia,      A   string    oT 

I  rosettes  was  thus  formed  which  were  connected  toguthcS- 

I  ty  ganzy  filaments.     The  jiortiou  of  the  heavens  i 

I  tlie  ridge  was  near  the  domain  of  the   rising  snu,  atut 

I  vhen   he   cleared  the   horizon   his    red   light  fell   apod 

I  the   clouds,   and   ignited  them  to   ruddy  flames.     SonM> 

I  of  the  lighter  clouds  doubled  round  thi;  summit  ufthe 

I  mountain,  and  swathed  its  black  crags  with  a  vestment  oC 

I  traiisjmrent  red.     The  adjacent  sky  wore  a  strangt 

I  flupematural  air ;  indeed  there  was  something  in  the  tvbolCK 

I  scene  which  halBed  amdysis,  and  the  woi-ds  of  Tennysom 

I  rose  to  my  lips  as  1  gazed  upon  it : — 

I  "  OoJ  made  liiiuBulf  uti  anful  roK  aC  Jkinr 

I       I  have  spoken  several  times   of  the   cloud-flag  whicli< 

I  the  wind  wafted  from  the  summit  of  the  Aiguille  du  Dm. 

I  On  the  present  occasion  tliis  grand  bamier  reacJied  ex-* 

I  traordinary  dimensions.     It  was  brindled  in  some  pUoeft 

I  88  if  whipped  into  curds  by  the  wind ;  but  through 

I  continuous  streamers  were  drawn,  which  were  hcint  inl 

I  aiauoaities   resembling   a    waving    tltig  at   a  uiast*iuA^ 

I  All  this  was  now  illuminatetl  with   the   sun's  red   nyi 

I  which   also    fringed    with    lire   the   exposed   edges 

I  pinnacles  both  of  tiie  Aiguille  du  I>ru  and  iho  AiguiUa 

*  Verte.     Thus  rising  out  of  the  shade  of  the  valley  thn 

mountains  burned   like  u  pair  of  torches,  tlic 

wliich  were  blown  half  a  mile  (iirough  the  air.    iM>on  aftdt^v 

wards  the  summits  of  tho  Aiguilles  Rouges  were  illi 

and  day  declared  itself  openly  annmg  the  moiiBtun& 
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But  tliose  roti  clouds  of  the  mommg.  magnificent 
thongli  they  wero,  Huggested  thoughts  which  tended  to 
ijiulify  the  jtleftBure  which  they  pave :  they  did  not  indi- 
ciiIh  good  weather.  Sometimes,  indeed,  they  had  to  fight 
witli  dciiser  maase?,  whicJa  often  prevailed,  swathing  the 
mountains  in  deep  neutml  tint,  bnt  which,  again  yielding, 
left  the  glory  nf  the  sunrise  augmented  by  contrast  with 
their  gloom.  Between  eight  and  nine  a.m,  we  eommenced 
the  setting  out  of  oiu  lirst  line,  one  of  whose  tenuini  was  a 
point  about  a  hundred  yards  Idgher  up  than  the  Montanvert 
vitlien^i  pine  on  the  opposite  moimtain  side  murk- 
f  tile  other  tenninus.  The  stakcB  made  use  of  were  four 
t  long.  With  the  xelfsumo  baton  which  I  had  employed 
BtbBMorde  Glace  in  1857,  and  which  Simond  had  pre- 
1,  tho  worthy  fellow  now  took  up  the  line.  At  some 
B  tiw  snow  was  very  deep,  but  its  lower  portions  were 
mtly  compact  to  allow  of  a  stake  being  firmly  fixed  in 
it.  At  those  places  where  tho  wind  bad  removed  tho  sunw 
or  rendered  it  tbin,  the  ice  was  pierced  with  an  auger 
ami  tlie  stake  driven  into  it.  Tlie  greatest  cnntion  was 
i»f  course  necessary  on  the  part  of  the  men  ;  they  were  in 
tlie  mid^  of  concealed  ci'evafises,  and  sounding  was  essen- 
tinl  at  every  step.  Ily  degrees  they  withdrew  from  me, 
nod  approached  the  eastern  boundary  of  the  glacier,  where 
the  ico  was  greatly  dislocated,  and  the  labour  of  wading 
tlirougb  the  gitow  enormous.  Long  detours  were  some- 
tiin<>ti  necessary  to  reach  a  required  point ;  bnt  tbey  were  all 
mplii<hed,  and  we  at  length  succeeded  in  fixing  eleven 
»  along  this  line,  the  most  distant  of  which  was  within 
t  eighty  yanls  of  the  opposite  side  of  the  glacier. 
i  men  returned,  and  1  consulted  them  as  to  the  [xm- 
f  of  getting  a  line  across  at  the  Pouts;  but  this  was 
d  tx)  be  impossible  in  the  time.  Wo  thought,  however, 
A  second  line  might  be  atAke<l  out  at  some  distance 
I  Montiuivcrt.     I   took  tlie  theodolite  down  the 
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monntaiu-filope,  wading  at  times  breast  deep  in  biiow,  i 
haring  selected  a  line,  the  men  tied  themselves  togethei 
as  before,  and  commenced  the  staking  out.  The  work  a 
slowly,  but  steadily  and  steadfastly  done.  The  i 
darkened ;  angry  clouds  gathered  around  the  mouu* 
tains,  and  at  times  the  glacier  was  swept  by  wild 
squalls.  The  men  were  sometimes  hidden  from  mo  by 
the  clouds  of  snow  which  enveloped  them,  but  betweeit 
those  intermittent  gusts  there  were  intervals  of  repoaa, 
which  enabled  na  to  prosecute  our  work.  This  Uua 
was  more  difficult  than  the  first  one ;  the  glat 
broken  into  sharp-edged  chasms ;  the  ridgea  to  be  climbedl 
were  steep,  and  the  snow  which  filled  tlic  depreBsions  pro* 
found.  The  oblique  arrangement  of  the  crerassee  alaOi 
magnified  the  labour  by  increasing  the  circuits.  I  saw  tl 
leader  of  the  party  often  shoulder-deep  in  snow,  treading  tl 
soft  mass  as  a  swimmer  walks  in  water,  and  I  felt  a  i 
to  be  at  his  side  to  cheer  him  and  to  share  his  toih  Eacll 
man  there,  however,  knew  my  wiUingness  to  do  thffl  i 
occasion  required  it,  and  wrought  contented.  At  leogtk 
the  Inst  stake  being  fixed,  the  fac«s  of  the  men  wei 
turned  homeward.  The  evening  became  wilder,  andtli 
storm  rose  at  times  to  a  hurricane.  On  the  more  levt 
portions  of  the  glacier  the  snow  lay  deep  and  ansheb 
tered ;  among  its  &ozeu  waves  and  upon  its  more  didoi 
cated  portions  .it  had  been  partially  engulfed,  and  t 
residue  was  more  or  less  in  ehelt^r.  Over  the  I 
spaces  dense  clouds  of  snow  rose,  wliirling  in  the  air  on 
cutting  off  all  view  of  the  glacier.  The  whole  length  ( 
tlie  Mer  de  Glace  was  thus  divided  into  clear  and  dou^ 
sugmeute,  and  presented  an  aspect  of  wild  wtd  wotidei 
turmoil  A  lai^o  pine  stootl  neur  me.  with  its  low 
branch  spread  out  upon  the  tturfiice  of  the  snow  ;  ou  tl 
branch  I  seated  myself,  and,  sheltered  by  the  truidc,  watte 
I   until  I  saw  my  men    in   safety.     The  wind  cittight  tk 
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bmDohea  cif  the  trees,  shook  dowu  tbeir  Inada  of  snow, 
and  toased  it  wildly  in  the  air.  Every  mountain  gave 
k  quota  to  the  sturm.  The  scene  was  one  of  most  ini- 
preuive  grandeur,  ami  thu  moan  of  the  adjacent  pines 
difaned  in  noble  liannoiiy  with  the  [licturi;  which  ndilrc»»ed 
the  eyes. 
At  length  we  all  fonnd  onrselves  in  safety  within 
-(loon.  The  windows  ahoiik  violently.  The  tempest  was 
rever  intermittent  throughout,  as  if  at  each  effort  it 
1  exhausted'  ib'elf,  and  required  time  to  recover  its 
As  1  heard  its  heralding  roar  in  the  giilUes  of 
tntains,  and  its  subsoquent  onset  against  our  habi- 
,  I  thought  wistfully  of  my  §tations,  not  knowing 
ler  they  would  be  able  to  retain  their  imsitions  in 
Hie  (ace  of  such  a  blast.  That  night  however,  us  if  the 
itorm  bad  sung  our  lullaby,  we  all  slept  profoundly, 
having  arranged  to  commence  our  measurements  as  early 
OS  light  permitted  on  the  following  day. 

Tfatirsday,  2Dth  December. — "  Snow,  heavy  snow :  it  must 
havw  descended  throughout  the  entire  night ;  the  quantity 
freshly  fallen  is  so  great ;  the  atmosphere  at  seven  o'clock 
is  thick  witli  tlie  descouding  flakes."  At  eight  o'clock  it 
cleared  np  b  little,  and  I  proceeded  to  my  station,  wliile 
the  men  advanced  upon  the  glacier ;  but  I  had  scarcely 
fixed  my  thetxiolit*!  when  the  storm  recommenced.  I 
1  to  clear  away  the  snow  and  otherwise  assist  me  ; 
l.ptocured  an  old  door  from  the  hotel,  and  by  rearing 
upon  its  end  sheltered  the  object-glass  of  the  in- 
Added  to  the  flakes  descending  from  the  clonda 
■  the  spitting  snow-dust  raised  by  the  wind,  which 
i  timB  so  blinded  mu  that  I  was  unable  to  sec  the  gla- 
rier.  The  measurement  of  tlie  firet  stake  was  very 
ledioiu,  hnt  practice  afterwords  enabled  me  to  take  advan- 
P  of  the  brief  IuUm  and  periods  of  partial  elearno8i< 
I  whicli  Uic  «torm  \\as  interfused. 
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At  nine  o'clock  my  telescope  happened  to  be  directed 
upon  the  men  as  they  struggled  through  the  snow;  all 
evidence  of  the  deep  track  which  they  had  formed  yester- 
day having  been  swept  away.  I  saw  tlie  leader  sink 
and  suddenly  disappear.  He  had  stood  over  a  concealed 
fissiu*e,  the  roof  of  which  had  given  way  and  he  had  dropped 
in.  I  observed  a  rapid  movement  on  the  part  of  the  re- 
maining three  men :  they  grouped  themselves  beside  the 
fissure,  and  in  a  moment  the  missing  man  was  drawn  from 
between  its  jaws.  His  disappearance  and  appearance 
were  lx)tli  extraordinary.  We  had,  as  I  have  stated,  pro- 
vided for  contingencies  of  this  kind,  and  the  man's  rescue 
was  almost  immediate. 

My  attendant  brought  two  poles  from  the  hotel  wliich 
we  thnist  obliquely  into  the  snow,  causing  the  free  ends 
to  cross  each  other ;  over  these  a  blanket  was  thrown,  be- 
hind which  I  sheltered  myself  from  the  storm  as  the  men 
proceeded  from  stake  to  stake.  At  9.30  tlie  storm  was  so 
thick  that  I  was  unable  to  see  the  men  at  the  stake 
which  they  had  reached  at  the  time ;  the  flakes  sped 
wildly  in  thoir  oblique  course  across  the  field  of  tlie  tele- 
scojie.  Some  time  aft^^rwards  the  air  became  quite  still, 
and  the  snow  underwent  a  wonderful  change.  Frozen 
flowers  similar  to  those  I  had  observed  on  Jlonte  Rosa 
fell  in  myriads.  For  a  long  time  the  flakes  were  wholly 
(*omposed  of  thfse  excjuisite  blossoms  entangled  together. 
On  the  surface  of  my  woollen  dress  they  were  soft  as 
down  ;  the  snow  itself  on  which  thev  fell  seemed  covered 
by  a  layer  of  down;  while  my  coat  was  completely 
sj)angled  with  six-rayed  stars.  And  thus  prodigal  Nature 
rained  down  bi^auty,  and  had  done  so  here  for  ages  unseen 
by  man.  And  yet  some  flatter  themselves  with  the  idea  that 
this  world  was  planned  with  strict  reference  to  human  use ; 
that  the  lilies  of  the  field  exist  simply  tp  appeal  to  the  sense 
of  the  beautiful  in  man.  True,  this  result  is  secured,  but  it 
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1, 001!  of  a  thuusjind  hII  equiiily  imiwrtant  iii  the  eyes  cf 
Haturo.  Whvuci'  those  frozi'n  bkwBoms?  Why  for.^ons 
(1?  Tho  question  ivmiuils  oiii*  nf  tlie  poet's  answer 
sked  wlifntre  was  tlie  RLixlora : — 

■'  Wlijr  wcrt  Ihou  Uii'tv.  0  rJYnl  of  tlio  roee  ? 
I  ni>vi>r  tliuiiglit  ti)  luk,  I  uctit  knew ; 
Bnl  in  m;  nniple  igtiiinuicc  suppose 
Thv  tt>l&ttiu«  power  tlinl  bniu^ht  roc  Itii-ru  brought  yun  V* 

I  iketeliod  some  of  the  crj-stals,  Imt,  inetead  of  repro- 
Mng  these  sketches,  wluch  wpre  rough  aud  hasty,  I  have 
[Rtxed  two  of  the  forms  drawn  with  so  much  skiD  and 
itieocc  by  Wr.  Glaiaher, 
i^'e  complttcd  the  mensurement  of  tho  first  line  iK'fore 
jven  oVlock.  and  I  felt  great  satisfaction  in  the  thought 
I  poasessed  something  of  which  the  weather  contd  not 
!  me.  As  I  closed  my  iiote-liook  and  shifted  the 
it  to  the  second  station,  I  felt  that  my  exjiedi- 
was  already  a  success. 

iaqiuirterpaHt  eleven  I  had  ray  theodolite  again  fixed, 
i  raiigioo:  the  telescope  along  the  line  of  pickets,  I  saw 
1  all  standing.  Crossing  the  iee  wilderness,  and  sng- 
ting  the  operation  of  bitelligence  amid  that  scene  of 
Illation,  their  appearance  was  pleasant  to  me.  Just 
J I  mmmenced,  a  solitary  jay  perched  upon  tho  sum- 
?  an  adjacent  pine  and  watched  me.  The  air  was 
t  tho  time,  and  the  snow  fell  heavily.  The  flowtirs 
per  were  magnificent,  varying  from  about  the  twen- 
f  nn  inch  to  two  lines  in  diameter,  while,  falling 
i  the  quiet  air,  their  forms  were  perfect.  Adjacent 
mj  theodolite  was  a  stump  of  pine,  from  winch  I  had 
*  rcmurcd,  iu  order  to  have  something  to  kick  my 
dust  when  they  becAino  cold  ;  and  on  the  stump 
led  a  blanket  to  bo  used  t\s  a  screen  incuse  of  need. 
[  remained  at  the  stutiou  a  layor  of  snow  an  inch 
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liiick  Cell  ujifin  this  blauket,  the  whole  layer  being  cuiii- 

jioseil  of  theRe  exquisite  flowePB.     Tiie  atmoqJiere  also  woa 

iWli-d  willi  ibeni.    From  tlie  cIouiIh  to  the  earth  Nature  wns 

liiisy  manlialliii^'  her  atoms,  and  putting  to  sliame  by  the 

beauty  oi"  lier  structures  the  coinpiirative  barburitios  of  Art. 

■j^fy  ineu  at  leugth  reached  the  first  station,  and  the 

^HpUOnment  commenced.     The  stonn  drifted  up  the  ral- 

BP^,  wokeniug  all  the  air  as  it  ap])roached.     Denser  and 

deni«er  tJie  llaki'S  i'ell ;  but  still,  with  care  and  tact  I  was 

ubie  to  follow  ray  party  to  a  distance  of  800  yards,     I  had 

notttrtWi^t  it  poitsible  to  sec  so  far  through  so  dense  a  storm. 

^^^^^^Hnnce  also  my  yoice  could  be  beard,  luid  my 

^^^^^^^^Bimduretuud ;  fur  once,  as  the  man  who  took 

^HipmHIHBtood  Ixdiind  his  baton  and  prevented  ils  pro- 

JMrtidlt  Afiainxt  thi'  whiU:.  snow,  I  called  out  U>  him  to  Btaiid 

uaido,  aiid  ho  promptly  did  so.     Throughout  thu  entire 

measure mi^nt  the  snow  never  ceased  falling,  aud  some  of 

iJie  illusions  winch  it  producecl  wero  extremely  singular. 

The  diitiint  boundary  of  the  glacier  appeared  to  rise  to  an 

wy  heiglit,  and  tlie  men  wadiug  through  the  snow 

B  if  climbing  up  a  wall.     Tho  labour  along  this 

II  Still  greater  than  on  the  former  ;  on  the  steeper 

'  '^i^ea  especially  the  toil  was  givat;  for  here  the  effort  of 

ihe  leader  to  lift  \m  own  biKiy  added  itself  to  tJuit  of  eut- 

liug  his  way  tlirough  the  miow.    His  footing  1  could  see 

Ided,  and  ho  slid  back,  checking  his  recession, 

,  by   still   phingiug   forward;    thus,  though   the 

I  incunwutly  •■xerlcd,  it  was,  for  a  tiine,  a  mere 

l*Jlf  vibration  without  any  seDsible  translation.     At 

^tfske  the  men  shouted,  "  Nattn  tommet  finu  t "  and 

dy  heard  tliem  throngh  llio  falling  snow.     By  this 

a  quite  covered  with  llie  crystals  wliioh  dung  to 

my  wnjiper.     They  also  formed  a  heap  ii|Km   my  tlleod^l- 

lita,  xtung  over  the  spirit-levels  and  ernhnwing  the  lower 

Ik  of  tlio  vertical  arc    The  work  was  doue ;  I  elrnck 
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'  my  theodolite  nnd  aaeended  to  the  hotel ;  the  greatest 
I  depth  of  hhow  tliroiigh  which  I  waded  machiDg,  whi^n  I 
I    stood  erect,  to  withiu  llireo  inches  of  my  breast. 

The  men  returned ;  dinner  was  prepared  and  conAnmnd 
tlie  disorder  which  we  liad  crt^atod  miido  good ;  the  roomfl 
were  swept,  the  mattrpeses  rejilaced,  and  the  ehntteK  fi/isb- 
ened,  where  thia  was  possible.  W©  locked  up  the  honiM, 
and  with  light  heart*  and  lithe  limbs  commenced  the  d^ 
aceut  My  aim  now  was  to  reach  ihe  source  of  the  Arvei. 
ron,  to  examine  the  water  and  inspect  Ihe  vault.  WitJi 
this  view  we  weut  straight  down  the  mountain.  ITie  inclina^ 
tious  were  often  extremely  steep,  and  down  these  wu  bW6| 
with  an  avalanche-velocity ;  indeed  usually  accoinpanie 
by  an  avalauclie  of  our  own  creation.  On  one 
lialmat  was  for  a  moment  overwhelmed  by  the  descundinj 
mass :  the  guides  were  startled,  but  he  elnerged  infitantl] 
Tairraz  followed  him,  and  I  followed  Tairraz,  iJl  of  oh  tat 
ing  m  the  snow  at  the  bottom  of  the  slope  ns  if  it  were  a 
much  flour.  My  practice  on  the  Fiust«rftarliom  rendered 
me  at  home  here.  One  of  tlie  porters  could  by  no  me 
be  induced  to  try  this  flying  mode  of  descent.  Siou 
I  carried  my  theodolite  box,  tied  upon  a  crotchet  on 
back ;  and  once,  while  shooting  down  a  slope,  ho  fan 
tiously  allowed  a  foot  to  get  entangled ;  his  mouumtma 
rolled  him  over  and  over  down  (he  incline,  the  theodolitd 
emerging  periodically  from  the  snow  during  his 
revolutions,  A  succession  of  glmatlet  brought  na  Willi 
amazing  celerity  to  tJie  bottom  of  the  mountain,  wheoei 
we  picked  our  way  amid  tiie  covered  bouldoi-s  and  over  tlii 
concealed  arms  of  the  stream  to  the  source  of  tli 
The  quantity  of  water  iseubg  from  the  vatilt  was  o 
I  able.andiUcharactcrthatoftruegliicicr water.  It wiwtnrlrid 
I  with  guspended  matter,  though  not  so  turbid  iw  in  Munmor; 
but  the  difTerenue  in  force  and  quantity  would,  1  ihiiik,  bl 
I  Hufiicient  to  account  for  the  greater  «umiui-r  turbidity.  Tbl^ 
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i:bancter  of  the  wnter  coiild  only  be  due  to  tho  grinding  mu- 
tioa  of  tlie  glacier  upon  its  bed ;  a  motion  wliidi  seems  not 
to  be  suspended  uvea  in  the  deptJi  of  winter.  The  tenii)e- 
mtDzeof  the  water  was  tho  tenth  of  a  degree  Centigrade 
idlOTe  zero ;  that  of  the  ice  was  half  a  degree  below  zero : 
dun  mie  also  the  teniperuture  of  the  air,  while  that  of  the 
Honw.  vrhieh  iti  some  jihices  L-ovored  tjie  ice-blocks,  was 
» <i<^m;f  iind  a  quarter  below  zero. 

Thv  eulranco  to  the  vault  was  formed  by  an  arch  of  ice 
whirl)  had  detached  itself  from  the  general  moss  of  the 
glacier  iteliind:  between  them  was  a  space  through  wlncli 
»e  could  look  to  the  sky  above.  Beyond  this  the  cave  nar- 
rovred,  and  we  found  oiireelves  steeped  in  the  blue  light  of 
llie  ice.  The  rrtof  of  the  inner  arch  was  perforated  at  one 
place  by  a  aliaft  about  a  yard  wide,  which  ran  vertically  to 
tile  surface  of  the  glacier.  Wat«r  had  run  down  the  sides 
ef  this  shaft,  and,  being  re-frozen  below,  formed  a  eompo- 
«te  pillar  of  icicles  at  least  twenty  feet  high  and  a  yard 
Uuck,  stretching  quite  from  roof  to  floor.  They  were  all 
imtbid  to  H  common  surface  at  one  side,  but  at  the 
other  they  formed  a  serit^s  of  flutiugs  of  exceeding  beauty. 
Thin  gmup  of  columns  was  l)ent  at  its  baee  as  if  it  hod 
yivldcd  m  tho  forward  motion  of  the  glacier,  or  to  tlie 
weight  of  iJie  arch  overhead.  Passing  over  a  number  of 
iarge  ice  blocks  wluch  partially  filled  the  interior  of  tho 
lit.  Vie  reacheil  its  extremity,  and  here  found  a  sloping 
)  with  a  perfect  arch  of  crystal  oveihead,  and  lead- 
p  by  a  steep  gradient  to  tho  air  above.  This  singidar  gal- 
about  seventy  fwet  long,  and  was  floored  wilii 
Bnow.  We  crept  Up  it.  and  from  the  summit  descended  by 
a  g)i»wde  to  Uie  frontal  portion  of  the  cavern.  I'o  me  this 
crystal  cuve,  with  tlie  blue  light  glisteuing  from  its  walls, 
prMenuil  an  a*q>ecl  of  mngieal  beitnty.  Ify  delight,  how- 
I  wror,  wa*  tame  compjirod  with  that  of  my  companinns. 

oking  from  the  blue  iirch  westwards,  iht-  heavens  wera 
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11  Med  by  criinaoii  clrmds,  with  fieiy  outlyers  reaching 
up  to  tlie  zenilli.  Ou  quitting  the  vault  I  turned  1 
have  a  last  look  at  those  noble  sentinels  of  the  Met  ( 
Glace,  the  Aiguille  du  Dru,  and  the  Aiguille  Verte.  Thfll 
glacier  below  the  niouutajus  was  in  shadow,  and  its  froseit^ 
precipices  of  a  deep  cold  blue.  From  this,  as  from  a 
liasis,  the  mouutaiu  cones  sprang  steeply  heavenward, 
meeting  half  way  down  the  fiery  light  of  the  sinking  sun. 
The  right-hand  slopes  and  edges  of  both  pyramids  buraed 
ill  this  light,  while  detached  protuberant  masses  also  oauf^ 
the  blaze,  and  mottled  the  mountains  with  effulgent  s[ 
A  range  of  minor  peaks  mn  slanting  downwards  from 
the  summit  of  the  Aiguille  Verte ;  some  of  these  wera 
covered  with  snow,  and  shone  as  if  illiimiuated  witb 
the  deep  crimson  of  a  stroutiau  flame.  1  was  absolutely 
struck  dumb  by  the  estraordiiiarj-  majesty  of  thia  s 
and  watched  it  sileutly  till  the  red  light  faded  from  thA 
highest  summits.  Thus  ended  my  winter  expedition  ta 
the  Mer  de  Glace. 

Next  morning,  starting  at  three  o'clock,  I  was  driveii 

'    by  my  two  guides  in  an  open  sledge  to  Sallencltes.     Tba 

rain  was  pitiless  and  the  road  abominable,     'i'he  distancsi 

I   I  believe,  is  ouly  six  leagues,  but  it  took  us  five  hooiB  ti 

I    accomplish  it     The  leading  mule  wits  lieyond  the  reach  o 

Himond's  whip,  and  proved  a  mere  ohstnictive ;  dtu 
I  port  of  the  way  it  was  unloosed,  tied  to  the  slot" 
I  dragged  after  it.  yimond  afterwards  mounted  the  bind- 
I  most  beast  and  brought  his  whip  to  bear  upon  the  leader  i 
[  the  jerking  he  endured  for  an  hour  and  a  half  seemed 
I  ahnost  suflicifnt  t«  <lislocate  his  Umes.  We  reacbed 
r  Ballenches  half  au  hour  late,  but  the  diligence  watt  behind 
I  it«  time  by  this  exact  interval.  We  met  it  on  the  Pont  St. 
I  Martin,  and  I  transferred  myself  from  the  sledge  to  tbu 
viutcrior.  This  was  the  morning  of  the  30tli  of  Ilt^ceniber, 
I  and  un  the  evening  of  the  Ist  of  Jiinuury  I  was  iu  London. 
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I  cannot  finish  this  recital  without  saying  one  word  about 
mjmen.  Their  behaviour  was  admirable  throughout.  The 
labour  was  enormous,  but  it  was  manfully  and  cheerfully 
done.  I  know  Simond  well ;  he  is  intelligent,  truth- 
fiily  and  affectionate,  and  there  is  no  giiide  of  my  acquaint- 
ance for  whom  I  have  a  stronger  regard.  Joseph  Tairraz 
is  an  extremely  intelligent  and  able  guide,  and  on  this 
trying  occasion  proved  himself  worthy  of  my  highest  praise 
and  commendation.  Their  two  companions  upon  the  gla- 
cis, Edouard  Balmat  (le  Petit  Balmat)  and  Joseph  Si- 
mond (fils  d'Auguste)  acquitted  themselves  admirably; 
and  it  also  gives  me  pleasure  to  bear  testimony  to  the  wiU- 
ing  and  efficient  service  of  Franqois  Bavanal,  who  attended 
upon  me  during  the  observations. 
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CHIEFLY    SCIENTIFIC. 


Aber  im  stillen  Gemach  entwirft  bedeutcnde  Zirkel 
Sinnend  der  Weise,  beschleicht  forschend  den  schaffenden  Cfeist, 

Friift  der  Stofife  Grewalt,  der  Magnete  Hassen  und  Lieben, 
Folgt  durch  die  Lfifte  dem  Klang,  folgt  durch  den  Aether  dem  Stralil, 

Sucht  das  vertraute  Gesetz  in  des  Zufall's  grausenden  Wundeni, 
Sucht  den  ruhendeu  Pol  in  iKt  Erscheinunsjen  Flucht. 

SCHILLKR. 
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ON  LIGHT  AND  HEAT. 
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What  is  Light?  The  ancients  supposed  it  to  be  some- 
thing emitted  by  tlie  eyes,  and  for  ages  no  notion  was 
entertained  that  it  reqnired  time  to  pass  through  space. 
In  the  year  1676  Riimer  first  proved  that  the  light  from 
Jupit«rB  satellites  required  a  rertaiii  time  to  cross  the 
earth's  orbit  Bradley  afterwards  found  that,  owing  to 
the  velocity  with  which  tho  eartli  flies  through  space, 
the  rays  of  the  stars  are  slightly  inclined,  just  as  rain- 
drops which  descend  vertically  appear  to  meet  us  when 
we  move  swiftly  through  the  sliowcr.  In  Kew  Gardens 
there  is  a  sun-dial  commemorative  of  this  discovery,  which 
is  called  the  aberration  of  light.  Knowing  the  velocity  of 
the  eitrlh,  and  the  inclination  of  the  stellar  rays,  Bradley 
was  able  to  calculate  the  velocity  of  light ;  and  his  result 
agrees  closely  with  that  of  Romer.  Celestial  distances 
were  here  involved,  but  a  few  years  ago  M.  Fizeau.  by 
_-tn  extremely  ingenious  contrivance,  determined  the  time 
1  by  light  to  pass  over  a  distance  of  about  9000 
B ;  and  his  experiment  is  quite  in  accordance  with  the 
alts  of  Iiifl  predecoasors. 
But  what  is  it  which  thus  moves  ?  Some,  and  among 
the  number  Newton,  imagined  light  to  consist  of  particles 
dartH  out  from  luminous  bodies.  This  is  the  so-calleti 
Emission-Theory,  which  was  held  by  some  of  the  greiitest 
men :  Laplace,  for  example,  accepted  it ;  and  M.  Biot 
has*  <leveloped  it  with  a  lucidity  and  power  peculiar  to 
himnolf.  It  was  first  opj^seil  by  the  astronomer  Huyghenit, 
and  afttirwanJB  by  Euler.  both  of  whom  supposed  light  to 
bo  a  kind  of  uudidalory  motion ;    but  tliey  wore  borne 
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I  down  by  tlieir  great  antagouists,  and  the  emission-theory 

held  its  ground  until  the  oommen cement  of  the  presetii 

crntury.  whea  Thomas  Young.  Professor  of  Natural  Phi- 

«iphy  in   the   Royal  Institution,  reversed  the  sctenti&S 

creed  by  placing  the  Tlieory  of  Uudulatiuu  on  firm  founds 

He  was  foUciwed  by  a  young  Frouchmau  of  extr^ 

ordinary  genius,  who,  by  the  force  of  his  logic  and  thd 

I  conclusiveness  of  his  experiments,  left  the  Wave-Theory 

■  without  a  competitor.    The  name  of  this  young  French- 

I  man  woa  Augustin  Fresnel. 

Suici"  Ills  time  some  of  the  ablest  minds  in  Europe  havA 
I  been  ujiphed  to  the  investigation  (jf  this  subject ;  and  thaB 
I  a  mastery,  almost  miraculous,  hits  l>een  attained  over  thtf 
I  grandest  and  most  subtle  of  natural  phenomena.  Trua 
I  knowledge  is  always  fruitful,  and  a  clear  conccptioKi 
I  regarding  any  one  natural  agent  leads  infallibly  to  better 
J  notions  regarding  others.  Thus  it  is  tliat  our  knowledge' 
of  light  has  corrected  and  expanded  oiu'  knowledge  (tf< 
L  heat,  while  the  latter,  in  its  tnrn,  will  assuredly  lead  oa  i 
I  clearer  conceptions  reganling  the  other  forces  of  Nature^ 

I  think  it  will  not  be  a  useless  lalmur  if  ]  here  endeavour 
I  to  state,  in  a  t>imple  manner,  nur  present  views  of  Ittlll 
I  and  heat.  Such  knowledge  is  essential  to  the  oxplona^on 
I  of  many  of  the  phenomena  referred  to  in  the  foregoing 
I  pages ;  and  even  to  the  Ml  comprehension  of  the 
I  of  the  glaciers  themselves.  A  few  remarks  on  the 
I  of  sound  will  fonn  a  fit  introduction. 

It  is  known  that  sound  is  conveyed  to  our  orgatu 
I  bearing  by  the  rur :  a  bell  struck  iu  a  vacnnni  L>niitH  no 
I  sound,  and  even  when  the  air  is  thin  the  sound  is  oiifoeUed^ 
PHawksbee  proved  this  by  the  air-pnmp ;  Do  Hauxsure  find 
r  a  pistol  at  tho  top  of  Mont  Bhinc. — I  have  repeated  thfti 
vxperimunt  myself,  and  found,  with  him.  tliat  tho  miind  iff 
\  feebler  tluin  at  the  saa  level.  Hound  is  nut  jidhIuomI  bjr 
tiling  pnijceteil  tliRiugh  the  air.     Tho  esplofliuo  of  a 
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gun,  for  example,  ia  sent  forward  by  a  motion  of  a  tolally 
iiRereiit  kind  from  that  which  animatea  the  biillet  pn- 
jected  irom  Uie  guii :  the  hittc^r  is  a  mution  of  tranalatiim ; 
tfau  former,  one  of  vibration.  To  use  a  rough  compariwiri. 
nund  is  projected  througli  tho  air  as  a  push  is  through  a 
(TOini ;  it  is  the  propagation  of  a  wave  or  pul»i;  each  par- 
ticle taking  up  the  motion  of  its  neighbour,  and  <leliverinir 
it  OD  to  the  neJct.  These  aerial  waves  enter  the  eslcniiil 
tisr,  meet  a  membrane,  tlie  so-called  tympanic  membrtine, 
triiich  ia  dravm  acrosa  the  |iassage  at  a  certain  placf,  and 
biMk  upon  it  as  sea-waves  do  upon  the  shore.  The  niein- 
hcms  18  Bhaken,  its  tremors  arc  communicated  to  tli<- 
BOdHory  nerve,  and  tranHraittod  by  it  tu  the  broui,  wht^rtr 
tkny  produce  the  impression  to  which  we  give  the  uaiiie 
uf  iuiuniL 

In  f  lie  tumult  of  a  city,  pidaes  of  different  kinds  strike 
iTTOgrilarly  uiion  the  tympanum,  and  we  call  the  efi'ect 
Ttaite  ;  but  when  a  succession  of  impulses  reach  the  ear  'it 
rvguiar  i-ntermU  we  feel  the  efl'ect  as  muaic.  Thus,  u 
rihmting  string  imparts  a  sories  of  shocks  to  tho  air  around 
it,  which  are  transmitted  with  perfect  regularity  to  tlie  oar, 
and  pDHluco  a  musical  note.  Wlion  we  hear  tho  song  of  a 
aoaring  lark  we  may  be  sure  that  tho  entire  atmosphere 
between  us  mid  tlio  bird  is  filled  with  piil«?g,  or  undula- 
tiona.  or  waves,  as  they  are  often  culled,  produced  by  the 
little  Botigstor's  organ  of  voice.  This  organ  is  a  vibrating 
instranicnt.  resembling,  in  principle,  the  nied  of  a  clarionet. 
Let  us  sup))0f!e  that  wo  hear  the  song  of  a  l»rk,  fle- 
vBtod  U)  n  height  of  .')(JU  feet  in  the  air.  Before  tin's  is 
pMstblt-,  tho  bird  must  liave  agitated  a  sphere  of  air  loilll 
foot  ill  diameter;  that  is  to  say,  it  must  have  commuui- 
t'otrd  to  !7,8SfS  tons  of  air  a  motion  sufficiently  intense 
la  lie  appreciated  by  uur  organs  of  hearing. 

^trtyBOtno  notes  arc  high  and 
l^choscu  as  cliori 
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to  jirodiice  the  slirill  notes ;  men  are  chosen  to  produce 
the  bess  notes.  Now,  the  sole  difference  here  is.  that  the 
bny^B  orgta  v-ibrstes  mart  rapidly  than  the  man's — it  sends 
a  greater  number  of  impulsee  per  secoud  to  the  ear. 
In  like  manner,  a  short  string  emits  a  higher  not^  than  • 
long  one.  becanse  it  vibrates  more  quickly.  The  greater 
the  number  of  vibrations  which  any  instnmient  performs 
in  a  given  time,  the  higher  will  be  the  pitch  of  the  note 
produced.  The  reaeon  why  the  hum  of  a  gnat  is  shriUer 
than  that  of  a  beetle  is  that  the  wings  of  the  small 
insect  vibrate  more  quickly  than  thosn  of  tlie  larger  one. 
We  can,  with  suitable  arraugemcnts,  make  those  sonomtu 
vilinitions  visible  to  the  eye  ;*  and  we  also  possess  instru- 
ments which  enable  us  to  tell,  with  the  utmost  exacti- 
tude, the  number  of  vibrations  due  to  any  particular  nutd. 
.  By  such  instrument*  we  leora  that  n  gnat  can  oxecuto 
many  thousand  flaps  of  its  little  wings  in  a  second  of  time. 
In  the  study  of  nature  the  coarser  pfaeiionieno,  which 
come  under  the  cognizance  of  the  senses,  oft«u  surest  to 
OS  the  finer  phenomena  which  come  under  the  cogouaiioe 
of  the  mind ;  and  tlms  the  vibrations  which  produce  sonml, 
and  which,  as  has  been  stated,  con  he  rendered  visible  to 
tho  eye  by  proper  meaus.  first  suggested  that  liffftt  might 
be  due  to  a  somewliat  similar  action.  This  is  now  the 
universal  belief.  A  limiinous  body  is  supposed  to  liave  it* 
atoms,  or  molecules,  in  a  state  of  intense  vibration.    'Die 

I        *  Tlio  Tibialions  nf  tlio  bit  uf  a  ruom  iu  trlikli  s  milBical  inalnuDcnt  it 

I   Bonnd^  xiay  bo  raodii  manilcet  by  tlie  wuj  in  which  Sno  autd  iimilgM 

■tMlf  ujion  n  tliin  HlroIiiJiei]  mnmhnuie  over  whiuh  it  U strewn;  uidiulwd  I 

Havurl  linn  limit  rcuiliirti]  Tiaible  tliH  nbratiuiu  of  lhi>  tympanina  UkUA 

Evuiy  tnkpt.'  uf  tatul  wiu  twept  from  «  pspi/r  ilruiu  lielU  iu  the  ulook-towt^l 

■itWuiitiiiiiuttii  when  the  Great  Bvll  wu  soutidiKL  Anathetwayof  ihowtti^l 

tlio  propugatiiili  vC  H£rinl  ]iul«Rt  is  tu  insert  n  suulII  g«a  jbl  llilii  a  verttoaB 

[    gluu  lubt^  about  u  foul  in  Iwn^tb.  in  wliicb  tbt>  fianie  ta»j  \nt  vanaoi  Hfl 

[  bum  tnui(|iiillf ,    On  pitoliiii^  tlic  vuico  to  th(<  note  o(  an  apax  Mba  M 

I  foot  Iimi^  tb«  little  flomo  quiven^  atm>tchc8  itwlf,  uid  rcopoud*  hj  linfl 

I  ilunlnK  »  «U<ar  dk'IixUous  note  iif  tlio  uaae  [iiti!li  hb  tluti  wltlcb  exdMd 

r    It.     'I'li><  llniiji'  will  ruutliiucj  lla  utng  fur  liuum  witliuiit  IiilonnlMkHi,  ■ 
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motions  of  the  atoms  are  supposed  to  be  commumcated  to 
a  modiiim  suited  to  their  transmission,  as  air  ie  to  the  trans' 
miasion  of  sound.  Tliis  medium  is  called  the  lummifermta 
ether,  and  the  little  billows  (ixcited  in  it  speed  through  it 
»ith  amaaiiig  celerity,  enter  the  pupil  of  the  eye,  pass 
through  the  humours,  and  break  upon  the  retina  or  optic 
nerve,  which  is  spread  out  at  the  bat'k  of  the  eye.  Hence 
the  tremors  they  produce  ore  transmitted  along  the  nerve 
to  the  brain,  where  they  announce  themselves  as  tight.  The 
Bffifbiesa  with  which  tlie  waves  of  light  are  propagated 
tbmugh  the  ether,  is  however  enormously  greater  than 
that  with  which  the  waves  of  sound  pass  through  the  air. 
An  oi-rial  wave  of  sound  travels  at  about  the  rate  of  11  (H) 
fe«t  in  a  second :  a  wave  of  light  loaves  li)2,0U0  miles 
behind  it  in  the  same  time. 

lliiis.  tlicTi,  in  the  case  of  souad.  we  have  the  sonorous 
Lody.  the  air.  and  the  auricular  nerve,  coucomed  in  thu 
phenomenon ;  in  the  case  of  hght,  we  have  the  luminous 
body,  the  ether,  and  the  optic  nerve.  The  fuudumeutal 
luulogy  of  sound  and  light  is  thus  before  us,  and  it  is 
ly  remembered.  But  we  must  push  the  anali^y 
We  know  that  tlie  white  light  which  comes  to 

fiom  the  sun  is  made  up  of  an  infinite  number  of 
colourcti  rays.  By  refraction  with  a  prism  we  can  separate 
those  rays  from  each  other,  and  arrange  them  in  the  series 
of  colours  which  iwnstitute  the  solor  H[>ectrum.  The 
rainbow  is  an  imperfect  or  impure  spectrum,  produced  by 
the  drops  of  lolling  rain,  but  by  prisms  we  can  imrnvel  the 
light  into  ])ure  rod,    orange,  yellow,  grecu,  blue, 

_  I,  and  violet.     Now,  this  spectrum  b  to  the  eye  what 
gamut  is  to  tlie  ear;  each  colour  represents  a  note. 
tfis  different  colottrt  represent  notes  of  different  pitch. 
Tha  vibrations  which  produce  the  impression  of  rod  are 

jer,  and  the  waves  which  they  produce  are  tonffer,  thou 
hich  we  owe  the  Beiisatiun  of  violet :  while  the 
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vibrations  wEiirh  excite  tfao  oUier  colonrs  ore  inl 

betvci-ii  t)t€ao  two  extremes.     This,  ibcn,  U  Uw  aeootui 

I    gnuid  analt^'  between  liglit  and  aonuil :  Colour  onaiwri  b 

P^h.    There  is  llwrefore  tnilh  in  the  tigure  when  we  m] 

that  the  gentian  of  the  Alps  siugB  a  alirillcr  note  Uuto  till 

I    wild  rhoctwlcndron,  and  that  the  red  glow  of  the  mutintMim 

[    at  mnset  ie  of  a  lower  pitch  thou  the  blue  of  the  fimuutK 

'    ut  nooiL 

Tlie»e  are  not  fanciful  analogiea     To  tlie  mind  of  tho 

plkikujfjpber  these  wavee  of  ether  are  almost  a»  palpaUa 

I    and  certain  as  the  waves  of  the  sea,  or  the  ripploH  on  thti 

[   sur&ce  of  a  lake.     The  length  of  the  wares,  hoth  of 

and  light,  and  the  number  of  shocks  which  lltey  re^iec* 

tirely  impart  to  the  ear  and  eye,  have  been  the  subjects  o£ 

k  the  strictest  measurement.     Let  us  here  go  through  A. 

'   simple  oalctilation.     It  bos  been  found  that  ;Jt'.0OU  waveS' 

of  red  ligiit  placed  end  to  end  would  make  up  an  iach^ 

How   many   inches  are   there  in   1&2,0IW   miles?     Hf 

I  youngest  reader  can   make   the   calculation  for  himsel£ 

[  and  find  the  answer  t«  be  12,lti5, 120,000  inches.     It  i» 

evident  thiit,  if  we  multiply  this  number  by  3y,000,  we> 

shall  obtain  the  number  of  waves  of  red  liglit  in  1!I2,000' 

'    milcB;  this   number  ig   474,439,«8y,00U,O()O.     AU 

waves  enter  the  eye  in  one  second ;  thus  the 
,  "  I  see  red  colour,"  strictly  meanit,  "  My  eye  is  uow 
I  receipt  of  four  himdred  and  seventy-four  millions 
luiUions  of  impulses  per  seoon<L"  To  produce  the  i 
preasion  of  violet  light  a  rUU  greater  number  of  impolaen 
1  is  necessary;  the  wave-length  of  violet  is  ibr  sr^ffjiiii' 
I  part  of  an  inch,  iind  tlio  numljcr  of  shocks  imjurted  in  a. 
I  eeeond  by  waves  of  thin  lergth  is,  in  round  numbero, 
L  hundred  and  iiiuety-nine  millions  of  millions,  The  other, 
l^olodrit  of  tlio  KpvL'tnim,  as  already  slated,  rise  gmdoally 
P«i  pitch  from  the  red  to  the  violet- 

A  very  curious  unalogy  bfttw<M'n  the  i-ye  ituil  our  muy' 
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here  be  noticed.  Tlie  mnRe  of  secinp  is  different  in  dif- 
taeni  pewmie — aome  see  a  longer  spectnim  than  others ; 
that  is  t^  say,  rays  which  are  oljsoiire  to  some  are  luminou* 
toothers.  Dr.  WollustoniwinliHloutasiniilarfui^tasregardB 
hearing ;  the  mnpir  of  wLii;h  lUffera  in  different  iniiiriduala. 
Savart  has  uhown  tliat  a  good  ear  can  hear  a  musical  note 
prodiieeil  by  t<  shocks  iu  a  second :  it  can  also  hear  a  note 
produced  by  24,0CH)  shocks  in  a  second  ;  but  there  are  cars 
in  wliich  the  range  is  much  more  limited.  It  is  jM>ssible 
indeed  to  produce  a  sound  which  shall  be  painfully  shrill  to 
one  person,  while  it  is  quite  unheard  by  another.  I  once 
cnMBwl  a  Swiss  mountain  in  compaTiy  with  a  friend ;  a 
donkey  was  in  advance  (if  us,  and  the  dull  tramp  of  tiif 
animal  was  plainly  heard  by  my  companion ;  but  to  me 
this  sound  was  almost  masked  by  tlio  shrill-  chirnipiug  of 
innomerable  inaectji  whidi  thronged  the  adjacent  grass; 
my  friend  heard  nothing  of  this,  it  lay  ijuite  beyond  hia 
ruigc  of  hearing. 

A  third  and  most  important  analogy  between  sound  and 
Ugbt  id  now  to  ha  noted ;  and  it  will  l>o  best  understood 
by  refftrence  to  something  more  tangible  tlian  either. 
Witon  a  stone  is  thniuTi  into  calm  water  a  series  of  rings 
^mwd  themselves  around  the  centre  of  disturbance.  If  a 
M>cond  stone  be  thrown  in  at  some  <listance  from  the  first, 
thu  rings  emanating  from  both  centres  will  cross  each  other, 
uid  at  those  jtoint^  where  the  ridge  of  one  wave  coincides 
with  tlio  ridge  of  another  the  wati-r  will  be  lifted  to  a 
^rvati4-  height.  At  those  points,  cm  tlie  contrary,  where 
lh«  ri«lge  of  one  wave  crosses  the  furrow  of  anotlier,  we 
bavo  loth  obliterated,  and  the  water  restored  to  its  ordinary 
lorel.  Where  two  ridges  or  two  furrows  unite,  wo  have  a 
raise  of  ooiticidence ;  bnt  where  a  ridgo  and  a  furrow  unite 
me  liave  what  is  called  interference.  It  is  quite  possible  to 
id  two  systems  of  wares  into  tbe  same  channel,  and  to 
I  iaek  uuo  si.'stem  u  little,  so  that  its  ridges  shall  coi 


I 


230       UOHT  ADDED  TO  LIGHT  MAKES  DARKNESR 

cide  with  the  farrows  of  the  other  system.  The  ■'  ioter- 
ferenoe"  would  hv  bore  complete,  and  the  wares  tlidl 
circnmstanced  would  mutually  destroy  each  other,  smooth 
water  being  the  result  To  this  way,  by  the  addition  of 
motion  to  motion,  rest  may  be  produced. 

In  a  precisely  similar  manner  two  ej-stems  of  sonorous 
waves  can  be  caused  to  interfere  and  mutually  to  destroy 
each  other :  thus,  by  adding  soond  to  sound.  lUenee  may 
be  produced.  Two  beams  of  light  itlso  may  be  caused  to 
interfere  and  efiTeCt  their  mutual  extinction :  thoB,  hf 
adding  light  to  light,  we  can  produce  darhtein.  Here 
indeed  we  have  a  critical  analogy  between  sonnd  and 
light — the  one,  in  fact,  which  comj>ela  the  most  profoUDd 
thinkers  of  tlie  present  day  to  assume  that  light,  like  suancl, 
is  a  case  of  uudulatory  motion. 

We  see  here  the  \Tsiou  of  the  int<Jlect  prolong«d 
beyond  the  boundaries  of  sense  into  the  region  of  what 
might  be  considered  mere  im^ination.  But,  anlike  other 
imaginations,  wc  can  bring  ours  to  the  t«st  of  ezperiroent ; 
indeed,  so  great  a  mastery  have  we  obtained  over  these 
waves,  which  eye  has  not  seen,  nor  ear  heard,  that  ire 
can  with  mathematical  certainty  cause  them  to  t-fiui- 
oide  or  to  interfere,  to  help  each  other  or  to  destroy 
each  other,  at  pleasure.  It  is  perhaps  possible  to  be  a 
little  more  jirecise  here.  Let  two  stouts — with  a  small 
distance  between  them — be  dropped  into  water  at  iJw 
same  moment ;  a  system  of  circular  waves  will  bo  formed 
round  each  stone.  Let  the  distance  tram  ouh  little  crest 
to  the  next  following  one  be  called  the  Uiujtk  of  tJ>e 
wave,  and  now  let  us  inquire  what  will  take  place  at 
a  point  equally  distant  from  tlie  places  whore  the  two- 
etones  were  dropped  in.  Fixing  onr  attention  ujxiti  tlw 
[Tidge  of  tliB  lirst  wave  in  each  cjiso,  it  is  mauifi-Ht  t 
|a8  tho  water  propagates  both  systems  with  the  saine  velo- 
the  two  foremost   ridges   will   reach   the   pinnl  ia 
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,  lit  tlie  same  moment;   the  ridge  of  one  would 

B  coincide  with  the   ridge  of  the   other,  and  the 

r  ut  tliis  poiiit  would  be  lifti^l  to  a  height  greater 

t  of  either  of  the  ])reviouB  ridges. 

&in,  supposing  that  by  any  means  we  had  it  in  our 

r  to  retard  one  aystem  of  waves  so  as  to  cause  tlie  first 

B  of  the  one  to  be  exactly  one  wave  length  behind  the 

Igo  of  the  other,  when  they  arrive  at  the  point 

It  is  plain  that  the  firwt  ridge  of  the  retarded 

I  now  folia  in  with  the  second  Hdge  of  the  nnre- 

[  system,  and  we  have  another  case  of  coincidence. 

tie  reflection  will  shew  the  game  to  be  true  when  one 

is  retarded   any  number  of  whole  waif-tengtha ; 

t  ridge  of  the  retarded  system  will  always,  at  the 

t  referred  to,  coincide  with  a  rv^e  of  the  unretarded 


V  suppose  the  one  sj-stem  to  be  retarded  only 
fa  wave-lcnffth ;  it  is  perfectly  clear  that  in  this  case 
Y  first  riflge  of  the  rotarded  system  would  fall  in  with 
9  first  furrow  of  the  unretarded  system,  and  instead  of 
coincidi-nco  we  should  have  interfermcf-.  One  syBtem,  iu 
&ct.  wouhl  tend  to  make  u  hollow  at  the  point  referred  to, 
the  other  would  tend  to  make  a  hill,  and  thus  both  systems 
wcial<l  op|>ose  and  neutralise  each  other,  so  that  neither 
thr  hollow  nor  the  hill  would  be  produced ;  the  water 
^iiiild  maintain  its  ordinary  leveL  What  is  here  said  of  a 
itinglf  half-wave- length  of  retaolation,  is  also  true  if  the 
retardation  omoimt  to  any  odd  number  of  half-wave- 
longtlu.  In  all  such  eases  wo  should  have  tho  ridge  of 
the  one  syst<;m  foiling  in  with  the  furrow  of  the  otlier ;  a 
mutual  deKtnii-'tion  of  the  waves  of  both  systems  being  the 
conaequi.'uce.  Thi-  suuie  remarks  apiily  when  the  point, 
instead  of  being  equally  distant  from  buth  stones,  is  on  even 
PlBD  odd  number  of  semi-undulations  further  trom  the 
i  Ihun  from  the  otlier.     In  the  former  case  we  should 
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have  coincidence,  and  in  the  lattnr  case  interference,  at 
tlie  point  in  question. 

To  the  eye  of  a  jierson  who  underatandfl  these  things, 
nothing  can  be  more  interoBting  than  tlio  ri|)|)ling  uf  water 
iinder  certain  circumBtancoa,  By  the  action  of  intcrfBrenco 
iti^  Biirfaco  is  sometimes  shiverod  into  the  most  boauUiul 
moeatc,  shifting  and  trembling  an  if  with  a  kind  of  visible 
music.  When  the  tide  advances  over  a  Beu-beach  on  a 
calm  and  sunny  day,  and  its  tiny  ripples  enter,  at  var 
points,  the  clear  fallow  pools  which  the  preceding  tide 
hod  left  behind,  the  little  wavelets  nm  and  climb  and  crosa 
each  other,  and  thus  form  a.  lovely  chasing,  which  has  ita 
eonnterpart  in  the  lines  of  hght  converged  by  the  ripples 
upon  the  sand  underneath.  When  waves  are  skilfully 
generated inavDseel of  mercury.andastrong  light  reflected 
from  the  surtiice  of  the  metal  is  received  upon  a  screen,  the 
most  beautifiil  effects  may  be  observed.  The  shape  of  tho 
ve^el  determines,  in  part,  tho  character  of  the  tignrea 
prodncod ;  in  a  circular  dish  of  mercury,  for  examjile,  a  dis- 
turbance at  the  centre  propagates  itself  in  circular  waves, 
which  after  reflection  again  encircle  the  centre.  If  th& 
point  of  disturbance  be  a  little  removed  from  the  centre, 
the  intereections  of  the  direct  and  reflected  waves  produce 
the  magniticent  chasing  shown  in  the  annexed  figure  (IB), 
which  1  bave  borrowed  from  the  excellent  work  oji  Wrtos, 
by  the  Messrs.  Weber.  The  luminous  figiu-e  refleclwl  &aoi 
snob  a  surface  is  exceedingly  beautiliil.  A\  hen  the  i 
cury  is  lightly  struck  by  a  glass  |)oint,  in  a  direction  coi^ 
ceiitrio  with  the  circumference  of  the  vessel,  the  linwot 
light  run  round  tbe  vussel  in  mazy  coils,  uiterlaciujf  and 
unravelling  thomsolves  in  the  most  wonderfid  manncT.  If 
the  vessel  be  sfjuare,  a  splendid  musai<^  is  produced  by  tlW 
of  the  direct  and  roflected  waveo.  Descrripriun,' 
lowevcr,  can  give  but  a  fouble  idiui  of  these  ext}in(ite' 
efiV-cfc.  ;— 


II  unravel] 

I^H  the  vesg 
^^Kcrossing 
^^Pliowevcr 


CHASING  ritonrcED  ry  wavks.  -lH'-i 

■'  TUou  oHtiBt  uot  WFivi!  Ihy  stoff  in  the  nir. 
Or  dip  tli7  pnaillo  m  tbe  Inbe. 
Dnt  it  Wir»"9  tlie  brow  of  (■BMiity  tlipre, 
Am]  the  ri])iiliiii  iu  rhymes  the  unr  roraoke." 

■,  all  ihnt  wo  have  said  regarding  the  rctardfttion  of 
I  *»ve8  of  water,  by  a  whole  undulatioa  and  a  semi- 


unilalntiiiii,  is  perfectly  applicable  to  the  case  of  light. 

Two  liiminoua  points  may  be  placed  near  to  each  other 

BO  M  to  resemble  tlie  two  stones  dropped  into  the  water ;  and 

_  Biien  the  light  of  these  is  properly  receivwl  upon  a  screen, 

rtly  upon  the  retina,  we  find  tliat  at  some  places  the 

f  Uie  rays  upon  each  other  produces  darkness,  and  at 

B  aogmentwl  light.    Tlii!  former  places  arc  those  where 

8  emitted  from  one  jioint  aro  an  odd  nnmtjer  of  semi- 

lEU  in  advance  of  the  ra)-B  sent  from  the  other ; 

r  places  are  those  where  the  diflerence  of  path 

]  by  the  rays  is  either  nothing,  or  an  i:ixii  niunber  of 
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Betni-undiilations.  Supposing  tiandi{Fig.l7)  to  be  twosnch 
soorceB  of  light,  and  b  B  a  §creen  od  which  the  light  iailfl ; 
at  a  point  I,  equally  distant  from  a  and  b,  we  have  l^ht ; 
at  a  point  d,  where  a  d  is  half  an  undulation  longer  than 
bd,we  have  darkoess ;  at  t,  where  a  f  is  a  whole  wave- 
length, or  two  semi-undulations,  longer  than  b  t,  we  again 


have  light ;  and  at  a  point  ct,'  where  the  difference  is  thn>e 
semi-undulations,  we  have  darkness ;  and  thus  we  obtain  a 
series  of  bright  and  dark  spaces  as  we  recede  laterally 
from  the  central  point  I. 

Let  a  bit  of  tin  foil  be  closely  pasted  upon  a  piece  of  glassy 
and  the  edge  of  a  penknife  drawn  across  the  foil  so  as  to 
produce  a  slit.  Looking  through  this  slit  at  a  small  and 
distant  hght,  we  find  the  light  spread  out  in  a  direction  at 
right  angles  to  the  slit,  and  if  the  light  looked  at  be  numa- 
ehromatie,  that  is,  composed  of  a  single  colour,  we  shall 
have  a  series  of  bright  and  dark  bars  corresponding  to  the 
points  at  which  the  rays  &om  the  difTereot  points  of  the 
sUt  alternately  coincide  and  interfere  upon  the  retina. 

*  The  ■ecect '  U  omitted  in  the  figore ;  the  BGcond  d  oountiiig  frm  I  b 
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By  properly  drawing  a  knife  Jicross  a  sheet  of  letter-paper  1 

a  suitable  dit  may  also  be  obtaiued;  and  those  practised  in  I 

mich  tilings  can  obtain  the  effect  by  looking  through  their 
ting^rs  or  their  eyelashes, 

Bnt  if  the  light  looked  at  bo  white,  the  light  of  a  candle 
for  example,  or  of  a  jet  of  gas,  instead  of  having  a  aeries  of 
bright  and  dark  bars,  we  have  the  barn  coloured.  And  see 
how  beautifully  this  harmonizes  witli  what  has  been  already 
said  regarding  the  different  lengths  of  the  waves  which 
produce  different  colours.  Looking  again  at  Fig.  17  wc  see 
that  a  certain  obliquity  is  necessary  to  cause  one  ray  to  be 
a  whole  undulation  in  advance  of  the  other  at  the  point  T : 
bat  it  is  perfectly  manift-nt  that  the  obliquity  must  depend 
upon  the  length  of  the  undulation ;  a  long  nudulation 
would  require  a  greater  obliquity  than  a  short  one;  red 
light,  for  example,  requires  a  greater  obliquity  than  blue 
light ;  so  that  if  the  jioint  H  represents  the  place  whore  the 
flmt  bar  of  red  light  would  ))e  at  its  maximum  strength, 
the  maximimi  fni-  blue  would  lie  a  little  to  tlie  left  of  f; 
the  different  colours  are  in  this  way  separated  from  each 
nUier,  and  exhibit  themselves  as  distinct  fringes  wheu  a  dis- 
tant source  of  white  light  is  regarded  through  a  narrow  slit. 

By  varying  the  shape  of  the  aperture  we  alter  the  form 
of  the  chromatic  image.  A  circular  aperture,  for  example, 
placed  in  front  of  a  telescope  through  which  a  point 
of  wliite  light  ia  regarded,  is  seen  surrounded  by  a  con- 
oentric  system  of  coloured  rings.  If  we  multiply  our  slits 
or  apertures  the  phenomena  augment  in  complexity  and 
aplendour.  To  give  some  notion  of  this  I  have  copied  from 
the  excellent  work  of  M.  Schwerd  the  annexed  figure  (Pig, 
18)  which  represents  the  gorgeous  effect  observed  when 
a  distant  i>oint  of  light  is  looked  at  through  two  gratings 
with  slits   of  different  widths."     A  bird's  feather  repre- 
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sento  a  peculiar  system  of  ?Uts,  and  the  effect  observed 
properly  looking  through  it  is  extremely  interesting. 

There  are  niEiny  ways  by  which  tlie  rctardntion  neceantf 

to  the  production  of  intt'rfert-nce  is  effected.    The  splendid 

roloura  of  a  soap-bubble  are  entirely  due  to  iuterferenee 

the  beam  falling  upon  the  transjtarent  film  is  partioUjf 

reflected  at  its  outer  Burface,  but  a  portion  of  it  ent«n 

the  film  and  is  reflected  at  its  inner  surface.     The  lattet. 

portion  having  croHsed  the  film  and  returned,  is  retaxdEd, 

in  comparison  with  the   formi^r,  and,  if  the  film   be  of 

suitable  thickness,  theso  two  beams  will  dash  and  extjs- 

guiiih  ^ach  other,  while  another  thickness  will  cause  tb» 

beams  to  coincide  and  illuminate  the  film  with  a  light  of 

greater  inteusity.     From  what  has  been  said  it  must  hn 

matufest  that  to  make  two   retl  beams  thus  coincide 

thicker  film  would  be  required  than  would  be  necessary  i 

two  blue  or  green  beams ;  thus,  when  the  thicknesa  of  tlw 

bubble  is  suitable  for  the  development  of  red,  it  is  not 

I  suitable  for  the  de\-elopraeut  of  green,  blue.   &c. ;   tiie 

consequence  is  tliat  we  have  different  colours  at  different' 

parts  of  the  bubble.     Owing  to  its  compactnoEs  and  ta 

its  being  shaded  by  a  covering  of  debris  from  the  direct 

I  heat  of  the   sun,   the   ice   imdemeath   the   moraines   of 

glacii.-rs  appears  sometimes  of  a  pitcby  blackness.     While' 

I  cutting  such  ice  with  my  axe  I  have  ofttiu  been  surprised 

I,  and  delighted  by  sudden  flashes  of  coloured  light  wlddi' 

r  broke  like  fire  from  the  mass.     Theso  flashes  woru  Aa«- 

\  to  internal  rupture,  by  which  flsenres  were  pradneed  a 

I  tluii  as  the  film  of  a  soap-bubble ;  the  colours  beong  dm 

I  to  the  interfi^rence  of  the  light  reflected  from  tlie  oppoBita 

I  sides  of  the  fissures. 

If  Bpuit  of  turpentine,  or  olive   oil,  be  tlirown  Bpori 
I  water,  it  speedily  spreads  in  a  tJuu  film  over  thu  suifiioo^ 

f  Scliwnd'n   nrlinira1>1«    eiMuy  cnUllvil    -T 
iiccd  from  lliB  Theory  of  Uuilolutioii.' 
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I  the  most  gnrgeous  i^hromatic  phenomena  may  be  thus 

iduoed.     Oil  of  lemons  k  also  peculiarly  suited  to  tliiti 

meut.     If  water  be  placoU  in  a  tea-tray,  and  light 

ffioient  intenaitj-  be  suffered  to  fall  upon  it.  this  light 

t  reflected  from  the  upper  aud  under  gurfaces   of 

m  of  oil,  and  the   colours  thus  produced  may  be 

d  upon  a  acreen,  and  seen  at  once  by  many  hundred 

t.  If  the  oil  of  cinnamon  i  le  used,  fine  colours  are  also 

I,  and  the  breaking  up  of  this  film  exliibits  a  most 

[ng  case  of  molecidar  action.     By  using  a  kind  of 

.  instead  of  oil,  Mr.  Delariio  has  imparted  such 

'  to  these  films  that  they  may  be  removed  &om 

r  on  which  they  rest  and  preserved  for  any  length 

By  such  films  the  coloars  of  certain  beetles,  and 

i  wings   of  certain  insects,  may  l)e  accurately  imi- 

;  and  a  rook's  feather  may  be  made  to  shine  with 

aifieent  iridescences.     The  colours  of  tempereti  metala. 

!  beautiful  metalloclirome  of  Nobili  are  also  due  to 


3  colours  are  called  the  colours  of  thin  plates,  and 
we  distinguished  in  treatirea  on  optica  from  the  coloured 
bam  and  I'ringea  above  referred  to,  and  which  are  pro- 
duced by  diffraction,  or  the  bending  of  the  waves  round 
the  edgo  of  an  object.  One  result  of  this  bending, 
which  is  of  interest  to  us,  was  obtained  by  the  celebrated 
Homaa  Voung,  Permitting  a  beam  of  sunlight  to  enter 
a  dark  room  thmugh  an  operture  made  with  a  line  needle, 
and  placing  in  the  path  of  the  beam  a  bitofcard  oue-thirtietJi 
of  an  inch  wide,  he  found  the  shadow  of  this  card,  or  mtlier 
the  line  on  which  its  shadow  might  be  supposed  to  fall, 
always  krir/ht ;  and  he  proved  the  effect  to  be  due  to  Um 
betiding  of  the  waves  of  ether  round  the  two  edges  of  the 
riani,  atid  their  coincidence  at  the  other  aide.  It  has, 
,  indociJ,  bi'cn  shown  by  M.  I'oisson,  that  the  centre  of  the 
low  of  a  small  circular  opaque  disk  which  stands  in 
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the  way  of  a  beam  diverging  from  li  point  is  exactly  ■ 
,  much  illuminated  as  if  the  disk  were  absent.  Hie  ntt 
gular  effect*  described  by  M.  Neclior  in  the  lettec  qaote^ 
at  page  178  at  once  suggest  themselves  here;  and  we  eeA 
how  possible  it  is  for  the  solar  rays,  in  grazing  a  distant 
tree,  so  to  bend  round  it  ae  to  produce  upon  the  retina^ 
where  shadow  might  be  expected,  the  imjiression  of  a  t 
of  light,*  Another  effect  of  diffraction  is  especially  in 
tetesting  to  ns  at  present.  Let  the  seed  of  lycopodio 
be  scattered  over  a  glass  plate,  or  even  like  a  cloud  m 
the  air,  and  let  adistaut  point  of  light  be  regarded  throngb 
it ;  t)ie  luminous  point  will  appear  surrounded  by  a  a 
of  coloured  rings,  and  nheu  the  light  is  intense,  like  tl 
electric  or  the  Dnimmoud  light,  the  effect  is  exceedii^ 
iine. 

And  now  for  the  application  of  these  experimenta. 
have  already  mentioned  a  series  of  coloured  rings  ubserrec 
around  the  sun  by  Mr.  Huxley  and  myself  from  the  Rhone 
glacier ;  I  have  also  referred  to  the  cloud  iridesoencefl  oa 
the  Aletechhom ;  and  to  the  colours  observed  during  my 
second  ascent  of  Moute  Kosa,  the  magnificence  of  wbidt 
is  neither  to  bo  rendered  by  pigmi-uts  nor  described  iq 
words.  All  these  si>leudi(l  phenomena  are,  I  l)elieTe,  f 
dnced  by  diflraction,  the  vesicles  or  spheruli'S  of  water  in  the 
case  of  the  cloud  acting  the  part  of  Uie  sponilcs  in  tlie  case  (A 
the  lycopodium,  llio  coloured  fringe  which  surrounds  I- 
Spirit  of  the  Brockeit.  and  the  spectra  which  1  have  spokcq 
of  as  surrounding  the  sul,  are  also  produced  by  diffraction; 
By  the  interference  of  their  rays  in  the  earth's  i 
phere  the  stars  can  momentarily  quench  themselves ; 
probably  to  on  intermittent  uctiou  of  this  kind  their  twink< 
ling,  and  the  swift  chromatic  changes  already  mentiotu 
I  are  due.      Does  not  all  this  sound  more  like  »  fail] 
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tale  than  the  sober  coucIoBioiiH  of  science  ?  What  effort  of 
the  imagination  coiiM  transi^end  the  realitieH  here  pre- 
smt^'d  to  UB  ?  The  ancients  had  their  spheral  nielodies, 
but  h»v«  not  we  ours,  which  only  want  a  sense  sufficiently 
refined  to  hear  them  ?  InimenBity  is  filled  with  this  mn- 
Mc ;  wlicwver  a  star  sheds  its  light  its  notes  are  heard, 
Our  sun.  for  example,  thrills  concontrii"  waves  through 
spMi-e,  iiud  every  luminous  point  that  gems  our  skies  is 
surrounded  by  a  similar  system.  I  have  spoken  of  the 
riniiig,  climbing  and  crossing  of  the  tiny  ripples  of  a  calm 
tiiiv  u[>ou  a  smooth  strand;  but  wliat  are  they  to  those 
intciwwting  ripples  of  the  "  uncontinented  deep  "  by  which 
Tuflnity  is  engine-turned !  Crossing  solar  and  stellar  dis- 
tances, they  bring  us  the  light  of  sun  and  stars ;  thrilled 
bark  from  our  atmosphere,  they  give  us  the  blue  radiance 
of  the  sky ;  rounding  liquid  siihernles,  they  clash  at  the 
other  side,  and  the  survivors  of  the  tumult  bear  to  our 
vision  the  wondrous  cloud-dyes  of  Monta  Itusa. 


mm 


(2.) 


IB,  then,  we  have  l>een  led  from  Sound  to  Light,  and 

now  in  it«  turn  will  lead  us  to  Hadiant  Heat ;  for 

till!    order   in    which    they   are    here  mentioned   the 

•ounetion  arose  that  they  are  all  tlu^>o  different  kinds  of 

motion.     It  has  been  said  that  the  beams  of  the  sun  con- 

of  rays  of  difierent  colours,  but  this  is  not  a  complete 

leut  of  the  case.     'Hie  sun  emits  a  multitude  of  rays 

vte  perfectly  non-tuminous ;  and  the  same  \&  true,  iu  a 

gruatur  degree,  of  our  artificial  sources  of  illumination. 

Ited  by  the  quantity  of  heat  which  tliey  produce,  90 

tlie  rays  emanating  from  a  flame  of  oil  u^ 
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obscure ;  while  9i)  out  of  every  100  of  those  which  i 
iiate  fix)m  au  bIcoIujI  flame  are  of  the  s&me  description." 

Ill  fact,  tljo  visible  solar  spectnini  simply  einhraces  i 
interval  of  rays  of  which  the  eye  is  formed  to  tuke  « 
nistanoe,  but  it  by  no  means  marks  the  limits  of  t 
action.  Beyoud  the  violet  end  of  the  spectrum  we  barf 
obscure  rays  capable  of  producing  chemical  changea,  i 
beyond  the  red  we  have  rays  possessing  a  liigb  tieAtin^ 
IKiwor,  but  incapable  of  exciting  the  impresi^on  of  light 
This  latter  fact  was  first  established  by  8ir  Milliam  Btn^ 
schel,  and  it  has  been  amply  corroborated  since. 

The  belief  now  univerBally  prevalent  is,  that  the  raya  a) 
beat  differ  from  the  rays  of  light  siniply  as  one  colour  dif; 
feirs  from  another.  Aa  the  waves  which  produce  red  u 
longer  than  those  which  produce  yellow,  so  the  vra« 
which  produce  this  obscure  heat  are  longer  than  Uiom 
which  produce  red.  In  fact,  it  may  be  shown  tliat  the 
longest  waves  never  reach  the  retina  at  all ;  they  arc  ctHQr^ 
pletely  absorbed  by  the  humours  of  the  eye. 

What  is  true  of  the  sim's  obscure  rays  is  also  tme  t 
calorific  raya  emonatuig  from  any  oliscure  source,- 
our  own  bodies,  for  example,  or  fnjm  tlie  surface  uf  | 
vessel  contaijiing  boiling  water.  AVe  must,  in  (actj  flgurf 
a  warm  body  also  as  having  its  particles  iu  u  stuto  of  vibrh 
tion.  W^en  tliese  motions  are  communicated  from  paitiiiil 
to  particle  of  tlie  body  the  heat  is  said  to  bo  conduetiif 
when,  on  the  contrary,  the  particles  transmit  tlieir  ? 
tions  through  the  surrounding  ether,  the  beat  a  t 
be  radiant.  This  radiant  heat,  tliougb  obscure,  cxEubilB  i 
deportment  exactly  similar  to  light.  It  may  be  refnctM 
and  reflected,  and  collected  in  the  focus  of  a  mirror  or  ofl 
suitoble  iens.  The  principle  of  interfurence  alao  )ip|)Uii| 
to  it.  so  tliat  by  adding  beat  to  heat  we  ciui  produi<e  « 
Thn  identity  indeed  is  complete  tJirougliout,  uad,  reoin 
•  Mulloiii. 


to  the  analogy  of  sound,  we  might  defiup  this  radiant  heat 
to  be  light  of  too  low  a  pitch  to  be  visible. 

I  have  thus  far  sjioken  of  obtcurc  heat  only ;  but  Ihe 
wifitanie  i-ay  may  excite  both  light  and  heat.  The  red  rays 
of  the  spec'tntm  jkwsoss  a  very  higli  heatiug  power.  It  was 
rmec  ^apposed  tliat  the  beat  of  the  spectrum  was  an 
essence  totally  distinct  from  its  light ;  but  a  profounder 
knowledge  disimls  this  suppoaitioD,  and  leads  us  to  infer 
t  the  BflJsame  ray,  falling  upon  the  nerves  of  feeling, 
dtsa  heat,  aud  falling  upon  the  nerves  of  seeing,  excites 
«,  the  same  electric  current,  if  sent  round  a  mag- 
Kic  needle,  along  a  wiro,  and  aorosa  a  conducting  liquid, 
iduces  different  physical  effects,  so  also  the  same  agent 
p  upon  different  organs  of  the  body  affects  our  cgn- 
16  differently. 


(3.) 

Heat  has  been   defined  in  the  foregoing   section  as  a 
niotJoD  of  the  molecules  or  atoms  of  a  body ;  but  tliough 
the  evidencu  in  favour  of  this  view  is  at  present  over- 
whelming.  I  do  not  ask  the  reader  to  accept  it  as  a  cer- 
tainty, if  he  feela  sceptically  disposed.   In  this  case,  I  would 
only  ask  bim  to  accept  it  as  a  ti/mboL   Regarded  as  a  mere 
physical  image,  a  kind  of  paper-currency  of  the  mind, 
convertible,  in  due  time,  into  the  gold  of  truth,  the  bypo- 
_.tiMBU  will  be  found  exceedingly  useful. 
HnAll  known  bodies  possess  more  or  less  of  ihJs  molecular 
^BpRion,  and  all  bodies  are  communicating  it  to  the  etber 
^TI  irtijoh  they  are  immersed.     Ice  iMjsaesses  it.     Ice  before 
it  meJts  attains  a  tiimjiemture  of  Z'l"  Fahr.,  but  the  sub- 
Monce  in  winter  oft^n  possesses  a  temperature  far  below 
y, BO  that  in  rising ti] 32°  it  is  uarmcil.     In  experimenting 
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with  ice  I  have  often  had  occasion  to  cool  it  to  100^  ana 
more  below  the  freezing  poiut,  and  to  warm  it  aflerw&nlH 
up  to  32". 

If  then  we  stand  before  a  wall  of  ice,  the  wall  radjate« 
heat  to  ua,  and  we  also  radiate  heat  to  it ;  but  the  quan- 
tity which  wc  radiate  being  greater  than  tliat  which  the 
ice  radiates,  we  lose  moro  than  wo  gain,  and  arc  cooae' 
qnently  chilled.  If,  on  the  contrary,  wo  stand  before  ) 
warm  stove,  a  system  of  exchanges  also  takes  place  ;  but 
here  the  quantity  we  receive  is  in  excess  of  the  quantity 
lost,  and  we  are  wanned  by  the  difference. 

In  like  manner  the  earth  radiates  heat  by  day  and  hy 
night  into  sjiace,  and  against  the  sun,  moon,  and  slam 
By  day,  however,  the  quantity  received  is  greater  i 
the  quantity  lost,  and  the  earth  is  wanned  ;  by  night  th* 
conditions  are  reversed;  the  earth  radiates  more  heat 
than  is  sent  to  her  by  the  moon  and  stars,  and  she  is  o 
sequent  ly  cooled. 

But  here  an  important  point  is  to  be  noted : — the  eaitlif 
receives  the  heat  of  the  eim,  moon,  and  stars,  in  great  pari 
as  luminous  heat,  but  she  gives  it  out  as  obscure  heat.  I  d 
not  now  speak  of  the  heat  rejlected  by  the  earth  iati^ 
splice,  OS  the  light  of  the  moon  is  to  us  ;  but  of  the  boat 
which,  after  it  has  t>een  absorbed  by  the  earth,  and  has  o 
tributed  to  warm  it,  is  radiated  into  space,  os  if  the  eartt 
itself  were  its  independent  source.  Thus  wo  may  property 
itay  that  the  heat  radiated  fnim  the  earth  is  different  af 
quality  from  that  which  she  has  received  irom  the  sun. 

In  one  particular  especially  does  this  differeuco  of  qua 
lity  show  itself;  besides  lieing  non-luminous,  tlio  hea 
radiated  from  the  earth  is  more  easily  intorceptwd  aoi 
absorbed  by  almost  all  transparent  sabstances.  A  TM 
portion  uf  the  siui's  rays,  for  example,  can  pass  i 
ttuieously  through  a  thicli  ebeet  of  water;  gunjwwi 
be  fired  by  the  heat  of  tlni  buu's  lajB  0 
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rorged  hy  passing  tJirmigh  a  thick  water  lens ;  the  (Iropa 
Q|>oa  loaves  io  greenliouses  often  act  as  lenses,  and  pause 
the  sun  to  bum  the  leaTes  upon  which  they  rest.  But 
with  regard  to  the  raya  of  heat  emanating  from  an  ob- 
scure source,  they  are  all  absorbed  by  a  layer  of  wat^r 
less  than  tJie  20th  of  an  iuch  in  thickness :  water  is 
opaque  to  such  rays,  and  cuts  them  off  almost  as  effectually 
OS  a  metallic  screen.  The  same  is  true  of  other  liquids, 
and  also  of  many  transparent  solids. 

Assuming  the  same  to  be  true  of  gaseous  bodies,  that 
they  also  intercept  the  obscure  rays  much  more  re-adUy 
than  thfi  luminous  ones,  it  would  follow  that  while  the 
gun's  rays  penetrate  our  atmosphere  with  freedom,  the 
fthange  which  they  undergo  in  warming  the  earth  deprives 
them  in  a  measure  of  this  penetrating  power.  They  caTi 
reneh  the  earth,  but  they  cannot  get  back ;  thus  the  atmo- 
sphere acta  the  part  of  a  ratchet-wheel  in  mechanics ;  it 
allows  of  motion  in  one  direction,  but  prevents  it  in  the 
nther. 

De  Saiissure,  Fourier,  M.  Pouillet,  and  Mr.  Hopkins  have 
developed  this  speculation,  aud  drawn  from  it  consequences 
of  the  utmost  imjiortance ;  but  it  nerertheless  rested 
upon  a  basis  of  conjecture.  Indeed  some  of  the  eminent 
men  above-named  deemed  its  truth  beyond  the  possibility 
of  experimental  verification.  MeUoni  showed  that  for  a  dis- 
tance of  IS  or  20  feet  the  absorption  of  obscure  rays  by 
the  atm<i8]ihere  was  absolutely  inappreciable.  Hence,  the 
totai  absorption  being  so  small  as  to  elude  even  Mellnni's 
delicate  tests,  it  weis  reasonaltle  to  infer  that  differfncee  of 
absorption,  if  such  existed  at  all,  mtist  be  far  In-yond  the 
^feacli  of  the  finest  means  which  we  could  apply  to  detect 

I  exclusion  of  one  of  the  three  states  of  matt'rial 

ition  from  the  region  of  exiwriment  was,  however, 

J  means  satisfactory ;  for  our  right  to  infer,  from  the 

M  2 
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deportment  of  a  solid  or  a  liquid  towards  radiant  heat,  the 
dejKirtinifnt  of  a  gas,  is  by  no  means  evident.  In  both 
liquids  and  KoLids  we  have  the  molecules  (tloecly  paokei^ 
and  more  or  less  chained  by  the  foree  of  cohesion; 

lee,  on  the  coutrarj-,  they  are  perfectly  free,  and  wide^ 
separated.  How  do  we  kiiow  that  the  inlere^itioo 
radiant  heat  by  liquids  and  soUds  may  not  be  due  to 
an  arrangement  and  comparative  rij^idity  of  their  parta* 
whi'ih  gases  do  not  at  all  sliare  ?  The  assumption  whieh 
took  uo  note  of  such  a  possibility  seemed  very  insecnre, 
I  and  called  for  verificatiDn. 

My  interest  in  this  question  was  augmented  by  the 
L  fact,  that  the  aasumjitiou  referred  to  lies,  as  will  be  seen, 
tlie  root  of  the  glai-ier  question.  I  therefore  endeavoured 
to  fill  the  gap,  and  to  do  for  gases  and  vapours  what  had 
been  aln-ady  ho  ably  done  for  liquids  and  soiida  by  Mel. 
loni.  I  tried  the  methods  heretofore  pursued,  aud  found 
L  them  imavailing ;  oxygen,  hydrogen,  nitrogen,  and  atmo- 
I  Bpheric  air,  examined  by  such  methods,  showed  no  ao 
I  upon  radiant  heat.  Nature  was  dumb,  but  the  questjon 
I  oocurrod,  "  Had  she  been  addressed  in  the  proper  Ian* 
I  guage  ?  "  If  the  experimentalist  is  convinced  of  this,  he 
[  vill  rest  content  even  with  a  negative ;  but  the  abKnee 
I  of  this  conviction  is  always  a  source  of  discomfort,  and 
I  stimulus  to  try  again. 
I  The  principle  of  the  method  finally  applied  is  all  thtA 
I  can  here  be  referred  to;  and  it,  I  hope,  will  be  qaitc 
I  mtellipble.  Two  beams  of  heat,  from  two  distinct  aonretft, 
I  Wero  allowed  to  fall  upon  the  same  instrumout,*  and  to 
[■  contend  thi-rc  for  mastery.  AVTieu  Ijoth  beams  were  pe*- 
Liectly  equal,  they  completely  neutralized  each  otboo'* 
I  action :  but  when  one  of  them  was  in  any  sensible  degree 
L  Mnjugcr  Ihan  the  other,  the  predommanco  of  tho  Ifarner 
ntras  »lio\\n  by  the  instrumunL  It  was  so  arrangud  that 
■  •  Tliu  (■I'l'i'iiUi  fftcoii  iifo  titniin-oloctri«  pih. 


SELECTED  HEAT. 


24.-) 


B  of  the  conflicting  beams  passed  tlitougli  a  tube  wliicli 

Hild  be  exhausted  of  air,  or  filled  with  any  gaa ;  thus 

rying  at  pleasure  the  medium  through  which  it  passed. 

s  question  then  was,  supposing  the  two  beams  to  be 

I  wlien  the  tube  was  filled  with   air,  will   the   ex- 

rtJng  of  the  tube  disturb  the  equality?     Th<(  answer 

B  affirmative ;    the  instrument  at  once  sliowod  tliat  a 

«ter  quantity  of  heat  passed  through  the  vacuum  thun 

igh  the  air. 

kThe  experiment  was  so  arranged  that  the  effect  thus 
)duced  was  very  largo  aa  measured  by  tlie  iadicntions  of 
ttie  instrument.  13ut  the  actiou  of  the  simple  gases,  oxygen, 
hydrogen,  and  nitrogen,  was  incomparably  less  than  that 
produced  by  some  of  the  compound  gases,  while  these 
latter  again  differed  widely  from  each  other.  Vapoure  ex- 
hibited differences  of  equal  magnitude.  The  experiments 
indeed  proved  that  gaseous  bodies  varied  among  them- 
I,  as  to  their  power  of  transmitting  radiant  heat,  just 
h  as  liquids  and  solids.  It  was  in  the  highest  degree 
ting  to  observe  how  a  gas  or  vapour  of  perfect  trana- 
mey,  as  regards  light,  acted  like  an  opaque  screen  upon 
it  To  the  eye,  the  gas  within  the  tiibe  might  be 
isible  as  the  air  itself,  while  to  the  radiant  heat  it 
bared  like  a  cloud  which  it  was  almost  impossible  to 
pietratc. 

ag  the  same  method,  I  have  found  that  from  the 

,   the  electric   light,   or  from   the   lime-light,  a 

amount    of   heat   can   be   selected,    which   »   nn- 

1  not  only  by  air,  but  by  the  most  energetic  gases 

ixporimiint   has  revealed   to  me ;  while  this  same 

len  it  has  il«  quality  changed  by  being  rendered 

is   powerl'iiUy  intercepted.     Thus   the  bold  and 

jful  speeidatioij  aliove  referred  to  has  been  mode  an 

rimeiital  fact ;  the  radiant  heat  of  the  sun  does  cer- 

'  pafiS    through  the  atmtisphere   to   the  i-arlli   \vitli 


I 
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greater  facility  than  the  radiant   haat  of  the  earth 
escape  into  space. 

It  13  probable  that,  were  the  earth  unfurnished  with  this 
atmospheric  swathing,  its  conditions  fit  tempcratore  would 
be  such  as  to  render  it  uninhabitable  by  man;  and  it  ia< 
also  probable  that  a  suitable  atmoHi>liere  enveloping  tJi» 
most  distant  planet  might  render  it,  as  regards  tempera^ 
ture,  perfectly  habitable.  H  the  planet  Neptune,  for 
example,  be  surroimded  by  an  atmosphere  which  permits 
the  solar  and  stellar  rays  to  pass  towards  tlie  planet)  but 
cuts  ofF  the  escape  of  the  warmth  which  tliey  excite,  it  is 
easy  to  see  tliat  such  an  accumulation  of  beat  may  at 
length  take  place  as  to  render  the  planet  a  comfortable 
habitation  for  beings  constituted  like  ourselves.* 

But  let  US  not  wander  too  far  from  our  own  concenu. 
Where  radiant  heat  is  allowed  to  fall  upon  an  aljsorbiog 
substance,  a  certain  thickness  of  the  latter  is  always 
necessary  for  the  absorption.  Supposing  we  place  a  thin 
film  of  glass  before  a  source  of  heat,  a  certain  per-centage  of 
the  heat  will  jmss  through  the  glass,  and  the  remtunder 
will  be  absorbed.  Let  the  transmitted  portion  full  upoo  a 
second  film  similar  to  tho  first,  a  Enmllcr  percentage  tbuti 
before  will  be  absorbed.  A  third  plate  would  absorb  still 
less,  a  fourth  still  less ;  and,  after  having  ])assed  through  a 
sufficieut  number  of  layers,  the  heat  would  be  so  »ift«d  that 
all  the  rays  capable  of  being  absorbed  by  glass  would  be 
abstracted  from  it.  Suppose  all  these  films  to  Imj  placed 
together  so  as  to  form  a  single  tliick  plato  of  gloss,  it  is 
evident  that  the  plate  must  act  upon  the  heat  which 
falla  npon  it,  tn  such  a  manner  that  tlie  major  portion  ia 
absorbed  near  tfte  »urface  at  which  the  heat  entert.  This 
has  been  completely  verified  by  experiment. 
I     Applying  this  to  tbo  beat  radiated  from  Hio  earth.  Et  is 
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manifest  that  the  greatest  quantity  of  this  heat  will  be 
absorbed  by  the  lowest  atmospheric  strata.  And  here  we 
find  ourselves  brought,  by  considerations  apparently  re- 
mote, face  to  face  wit)^  the  fact  upon  which  the  existence 
of  all  glaciers  depends,  namely,  the  comparative  coldness 
of  the  upper  regions  of  the  atmosphere.  The  sun's  rays 
can  pass  in  a  great  measure  through  these  regions  without 
heating  them;  and  the  earth's  rays,  which  they  might 
absorb,  hardly  reach  them  at  all,  but  are  intercepted  by 
the  lower  portiens  of  the  atmosphere.* 

Another  cause  of  the  greater  coldness  of  the  higher 
atmosphere  is  the  expansion  of  the  denser  air  of  the  lower 
strata  when  it  ascends.  The  dense  air  makes  room  for 
itself  by  pushing  back  the  lighter  and  less  elastic  air  which 
smrounds  it :  it  does  worky  and,  to  perform  this  work,  a 
certain  amount  of  heat  must  be  consumed.  It  is  the  con- 
sumption of  this  heat — its  absolute  annihilation  as  heat — 
that  chills  the  expanded  air,  and  to  this  action  a  share  of 
the  coldness  of  the  higher  atmosphere  must  undoubtedly 
be  ascribed.  A  third  cause  of  the  difference  of  tempera- 
ture is  the  large  amount  of  heat  communicated,  by  way 
of  contact,  to  the  air  of  the  earth's  surface ;  and  a  fourtli 
and  final  cause  is  the  loss  endured  by  the  highest  strata 
through  radiation  into  space. 

•  See  M.  Pouillet's  imp>ortant  Memoir  on  Solar  Radiation.    Taylor's 
Scientific  Memoirs,  vol.  iv.  p.  44. 


THE  SXOW-LISE. 


ORIGIN  OF  GUeiERS. 


(1) 

I  Having   thus   accounted    for    the    greater    ooM   of  th« 

[  higher  atmospheric  regions,  its  conserjueiices  are  iieit  to 

joDsidered.      One  of  these  is.  that  clouds  formed   in 

I  the  lower  portions  of  the  atmosphere,  in  warm  and 

perate  latttiidea,  usually  discharge   themselves  upon   dl6 

earth  as  rain ;  while  those  ftirmeil  in  the  higher  regiona 

discharge  themselves  upon  the  mountains  as  snow.     "Hie 

snow  of  the  higher  atmosphere  is  often  melted  to  rain  fa) 

passing  through  the  warmer  lower  strata :  nothing  indeed  is 

more  common  than  to  pass,  in  descending  a  numntalni 

from  snow  to  rain ;  and  I  have  already  referred  to  a 

of  this  kind.     The  appearance  of  the  grassy  and  jhim^ 

clod  alpB,  as  seen  from  the  valleys  after  a  wet  night,  H 

often  strikingly  beautiful ;  the  level  at  which  the  smnr 

turned  to  rain  being  distinctly  marked  upon  the  akipf% 

Above  this  level  the  mountains  are  white,  while  below  it 

I  they  are  green.     The  eye  follows  this  mow-tine  wilh  e 

[  along  the   mountains,   and   when   a    sufficient  extent 

l-coutitry  is  commanded  its  regularity  is  surprising. 

The  term  "  mow-line,"  however,  which  has  been 
I  applied  to  a  local  and  temporary  phenomenon,  is  coninuinlT' 
V  nnderatooil  to  mean  something  else.  In  thi 
(referred  to  it  marked  the  place  where  the  supply  of  solid 
■matter  from  tlie  upper  atmospheric!  regions,  <Iuring  a 
I  single  fall,  was  exactly  equal  to  its  c^onsumption ;  bnt 
'  tho  tenn  is  usually  uniler.«too*l  to  menu  the  line  alanf; 
which  the  quantity  of  snow  which  f'alla  anmtattjf  w  mfiltod. 
land  DO  more.      Beinw  this  IrTif  em-h   vn/f  sn.-n-   i«  ,-...r.. 
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jilotely  fleared  away  by  the  summer  heat ;  above  it  & 
rcmliial  layer  abidea,  which  gradually  aiigmenfa  in  tljick- 
8  from  the  snow-line  upwards. 

Here  then  we  have  a  fnssh  layer  laid  on  overy  year ; 
1  it  is  evident  tliat,  if  this  process  continued  without 
mption,  every  mountain  which  rises  above  the 
v-lioe  must  augment  amutally  in  height ;  the  waters 
)  sea  thus  piled,  in  a  solid  form,  upon  the  summits 
liills,  would  raise  the  latter  to  an  indefinite 
itioD.  But,  as  might  be  expected,  the  snow  upon  steep 
piitain-eides  frequently  slips  and  rolls  down  in  avalanches 
I  warmer  regions,  where  it  is  reduced  to  wat^r.  A 
eomi>ftratively  small  quantity  of  the  snow  is,  however,  thiin 
gfti  rid  of,  aud  the  great  agent  which  Nature  employs 

tlieve  her  overladen  mountains  is  the  glaciers. 
>t  OS  ben*  avoid  an  error  wliich  may  readily  arise  out 
foregoing  reflections,  ITie  principaj  region  of  clouds 
rain  and  snow  extends  only  to  a  limited  distance 
upwards  in  the  atmosphere ;  the  highest  regions  contiun 
wry  little  moisture,  and  were  our  mountains  sufficiently 
ponetrat<.>  those  regions,  tbe  quantity  of  snow 
1  their  summits  would  be  too  trifling  to  resist 
jot  ai'tion  of  the  solar  rays.  These  would  annually 
'  the  summits  to  u  certain  level,  and  hence,  were 
f  oiountuins  liigh  enough,  we  shonld  have  a  superu/r, 
Jrell  us  an  inJ'erior,  snow-line ;  the  region  of  perjnfual 
t  wonlil  foim  a  belt,  below  which,  in  summer,  suowless 
ty$  and  plains  would  extend,  and  above  which  snowless 
Daita  would  rise. 


(5.) 

t  its  origin  tlien  a  glacier  is  snow — at  its  lower  ex- 
ir  it  ia  ice.    The  blue  blocks  tliat  arch  tlie  sonrit!  o( 


I 

I 
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ihe  Aireiron  were  ouce  powdery  snow  upon  the  slopen 
Col  da  Geant  Could  our  vision  peuetraU-  into  the  body 
uf  the  glacier,  we  sliould  lind  that  Uie  chauge  from  whitft 
to  blue  eseentiaUy  consists  in  the  ^a<iaal  expulsion  of  tlie 
air  which  wa^  originally  entangled  in  the  meiihes  <if  tbtt 
fallen  anow.  Wluteness  always  results  from  the  intimate^ 
and  irregular  mixture  of  air  and  a  transpareut  solid 
crushed  diamond  would  resomhlo  snow  ;  if  we  poond 
the  most  transparent  rock-salt  into  powder  we  have  m 
substance  as  whiU?  as  the  wliitest  trulinary  salt ;  and  tba 
ooloiirtcss  glasH  vessel  which  holds  the  salt  would  alac^  if 
pounded,  give  a  powder  as  wliite  a^  the  salt  itself.  It  la 
law  of  light  that  in  passing  from  one  substance  to  anothra 
possessing  a  different  power  of  refraction,  a  portion  of  it 
always  reflected.  Hence  when  light  falls  upon  a  transparent 
solid  mixed  with  air,  at  each  passage  of  the  light  from  tJie  a 
to  the  solid  and  from  the  solid  to  the  air  a  portion  of  it 
reflected;  and,  in  the  case  of  a  powder,  tliis  n^fiectjen 
ix^curs  BO  frequently  that  the  passage  of  tlio  light  is  jirao- 
ticully  cut  off.  Thus,  from  the  mixture  of  two  perfediy 
transparent  substances,  we  obtain  an  ojtatjue  one ;  from  tlia 
iuttmate  mixture  of  air  and  water  we  obtain  foam  ;  clondB 
owe  their  ojiacity  tjj  the  same  principle ;  and  the  vondensed 
et)>am  of  a  locomotive  casts  a  sliadow  upon  tlie  fiohU 
adjacent  to  the  line,  because  the  sunlight  is  wasted  in 
echos  at  the  innumerable  limiting  surfaces  of  water  and 

The  snow  which  falls  upon  high  monntain-L'mineDoeB 
L  has  often  a  temperature  far  below  the  freezing  point 
I  of  water.  Such  snow  is  dry,  and  if  it  always  OOD- 
Kitinued  so  the  formation  of  a  glacier  frum  it  would  he 
Timpossible.  The  first  action  of  the  summer's  sun  is  to 
Eraiso  the  t^^mperature  of  tlie  superficial  snow  to  32^,  tjid 
I  afterwards  to  melt  it.  The  water  tliiis  fonutil  piToolateB' 
ach  tlie  colder  moss  undenieath,  and  tliis  I  take  to  be 
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t  first  active  agency  in  expelling  the  air  entangled  in 
Eaow.  But  as  the  liquid  trickles  over  the  surfaces  of 
lalee  colder  than  itself  it  ia  partially  deposited  in  a 
solid  form  on  these  surfaces,  thus  augmenting  the  aize  uf 
the  g:rauides,  and  cementiug  them  together.  \Vlien  the 
mass  thus  formed  ia  exniuinod,  the  air  within  it  is  found  as 
round  bubbles.  Now  it  is  manifest  that  the  air  caught  in  thi- 
irrec^dar  interstices  of  the  snow  cau  have  no  tendency  to 
aafiume  this  form  so  long  as  the  snow  remains  solid ; 
but  the  process  to  which  I  have  referred — the  saturation 
of  the  lowtir  portions  of  the  snow  by  the  water  produced 
by  thi!  molting  of  the  Huj>erfioial  portions — enables  the 
air  to  form  itself  into  globules,  and  to  give  tho  ice  of 
the  n£ii4  ita  iteeulittr  character.  Thus  wo  see  that,  though 
tho  sun  cannot  get  directly  at  tlie  deeper  portions  of  thi- 
gnow,  by  liquifying  the  upper  layer  he  charges  it  with 
heat,  and  makes  it  his  messenger  to  the  cold  subjacent 


^aeavy ; 


The  frost  of  the  succeeding  winter  may,  I  think,  or  may 
not,  according  to  circumstances,  penetrate  through  this 
k.fa^er,  and  solidify  the  water  which  it  still  retains  in  its 
If  the  winter  set  in  with  clear  frosty  wea 
the  penetration  will  probably  take  place ;  but  il 
leavy  snow  occor  at  the  commencement  of  winter,  thus 
throwing  a  protective  covering  over  the  n^oe,  freezing  to 
any  great  dtipth  may  be  prevented,  Mr.  Huxley's  idt-a 
seems  to  be  quite  witliin  tho  range  of  possibilitj-,  lliat 
water^ells  may  bo  transmitted  from  the  ori^n  of  the 
glacier  to  its  end,  retaining  their  contents  always  liquid. 

It  was  fonnorly  8ui»posed,  and  is  perhajis  still  supjjosed 
by  many,  that  tho  snow  of  the  mountains  is  converted  into 
tbo  ice  of  the  glacier  by  the  process  of  saturation  and 


^Usezing  just  indicated.    But  the  £rozea  layer  would  not  yet         J 
^Mwmble  glocie  ice;  rit  is  only  at  the  deeper  portion.^  of        I 
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the  glacier.  This  brings  us  to  the  second  great  agent  in 
the  process  of  glacificatiou,  namely,  pressure.  The  ice  of  the 
n^S  at  32°  may  be  squeezed  or  crushed  with  extreme  fa- 
cility ;  and  if  the  force  be  applied  slowly  and  with  caution, 
the  yielding  of  the  mass  may  be  made  to  resemble  the 
yielding  of  a  plastic  body.  In  the  depths  of  the  n^vi, 
where  each  portion  of  the  ice  is  surrounded  by  a  resistant 
mass,  rude  crushing  is  of  course  out  of  the  que8ti(». 
The  layers  underneath  yield  with  extreme  slowness  to 
the  pressure  of  the  mass  above  them ;  they  are  sqneeied, 
but  not  rudely  fractured ;  and  even  should  rude  fracture 
occur,  the  ice,  as  shall  subsequently  be  shown,  possesses 
tlie  power  of  restoring  its  own  continuity.  Thus,  then, 
the  lower  })ortions  of  the  tUve  are  removed  by  pressure 
more  and  more  from  the  condition  of  snow,  the  air-bubbles 
which  give  to  tlie  n^vS-ice  its  whiteness  are  more  and 
more  expelled,  and  this  process,  continued  throughout  the 
(jutire  glacier,  finally  brings  the  ice  to  that  state  of  mag- 
nifia^nt  transparency  which  we  find  at  the  termination 
of  the  glacier  of  Rosenlaui  and  elsewhere.  This  is  all 
capable  of  experimental  proof.  The  Messrs.  Schlagint- 
weit  compressed  the  snow  of  the  neue  to  compact  ice ;  and 
I  have  myself  frequently  obtained  slabs  of  ice  from  snow 
in  Loudon. 


LONG  WAVES  MOST  ABSORBED. 


COLOnil  OF  WATEIt  AND  ICE. 


(6.) 

The  sun  ia  coiitiDUally  sending  forth  waves  of  different 

lengths,  all  of  which  travel  with  the  same  velocity  through 

^b»  ether.     When  these  waves  enter  a  prism  of  glass  they 

W^rstardud,  but  in  different  degrees.     The  shorter  waves 

^Hfcr  the  greatest  retardation,  and  in  attiseqiiencc  of  this 

•re  most  deflect«>(l  from  their  strai<^ht  course,     It  is  this 

propertj-  which  euables  us  1o  separate  one  from  the  other 

ML  tlif  »>lnr  spectrum,  and  this  separation  proves  that  the 

ive«  aro  by  no  means  inextriaibly  entangled  with  eaoh 

■,  hut  that  they  travel  independently  through  space. 

,  consequence  of  this  independence,  the  same  body 

f  iotercept  one  system  of  waves  while  it  allows  another 

a  this  quality,  indeed,  depend  all  the  phenomena 

iolour.     A  red  glass,  for  example,  is  red  because  it 

>  constituted  that  it  destroys  the  shorter  waves  which 

lace  the  other  colounn,  and  trausmit^^  only  the  waves 

h  produce  red.     I  may  remark,  however,  that  scarcely 

any  glasa  is  of  a  pure  colour ;  aloug  with  the  predominant 

wavcH.  some  of  the    other  waves  are  permittixl  to  pass. 

The  colours  of  flowers  are  also  very  impure ;  in  fatit,  to 

get  pure  colours  wo   must  reeort  to  a  delicate  prismatic 

analysis  of  wliite  light. 

It  has  already  been  Bteted  that  a  layer  of  water  less  than 
the  twentieth  of  an  inch  in  tliickness  suftices  to  stop  nnd 
destroy  all  waves  of  radiant  heat  emanating  from  an  obscure 
source.  The  longer  waves  of  the  obscure  Jieat  cannot  got 
through  water,  and  I  find  that  all  transparent  com- 
^Kjuuds  which  contain  hydrogen  are  j)eculiarly  hostile 
a  the  lunger  undulntjous.     It  is,  I  think,  the  prese 


254         FINAL  COLOUR  OF  ICE  AND  WATER  BLUE. 

this  element  in  the  humours  of  the  eye  which  preyents  the 
extra  red  rays  of  the  solar  spectrum  from  reaching  the 
retina.  It  is  interesting  to  observe  that  while  bisulphide 
of  carbon,  chloride  of  phosphorus,  and  other  liquids  which 
contain  no  hydrogen,  permit  a  large  portion  of  the  rays 
emanating  from  an  iron  or  cop{)er  ball,  at  a  heat  below 
redness,  to  pass  through  them  with  facility,  the  same 
thickness  of  substances  equally  transparent,  but  which  con- 
tain hydrogen,  such  as  ether,  alcohol,  water,  or  the  vitreouB 
humour  of  the  eye  of  an  ox,  completely  intercepts  these 
obscure  rays.  The  same  is  true  of  solid  bodies ;  a  very 
slight  thickness  of  those  which  contain  hydrogen  offers  an 
impassable  barrier  to  all  rays  emanating  from  a  non- 
luminous  source.*  But  the  heat  thus  intercepted  is  by  no 
means  lost ;  its  radiant  form  merely  is  destroyed.  Its  waves 
are  shivered  upon  the  particles  of  the  body,  «but  they 
impart  warmth  to  it,  while  the  heat  which  retains  its 
radiant  form  contributes  in  no  way  to  the  warmth  of  the 
body  through  which  it  passes. 

Water  then  absorbs  all  the  extra  red  rays  of  the  sun, 
and  if  the  layer  be  thick  enough  it  invades  the  red  rays 
themselves.  Thus  the  greater  the  distance  the  solar  beams 
travel  through  pure  water  the  more  are  they  deprived 
of  those  components  which  lie  at  the  red  end  of  the 
spectrum.  The  consequence  is,  that  the  light  finally 
transmitted  by  tho  water,  and  which  gives  to  it  its  colour, 
is  blue. 

I  find  the  following  mode  of  examining  the  colour  of 
water  both  satisfactory  and  convenient: — ^A  tin  tube, 
fifteen  feet  long  and  three  inches  in  diameter,  has  its  two 
ends  stopped  securely  by  pieces  of  colourless  plate  glass.   It 

♦  What  is  licre  stated  regarding  hydrogen  is  true  of  all  the  liquids  and 
solids  which  have  hitherto  been  examined, — but  whether  any  exceptions 
occur,  future  experience  must  determine.  It  is  only  when  in  combination 
that  it  exhibits  this  impermeability  to  the  obsctirc  rays. 
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is  placed  in  a  horizontal  position,  and  pure  water  is  poured 
into  it  tlirough  a  amall  lateral  pipe,  until  tlie  liquid  reaches 
half  way  up  the  glasses  at  the  ends ;  the  tube  then  holds 
a  fiemi-cyliuder  of  water  and  a  seml-cylinder  nf  air.  A 
white  plate,  or  a  sheet  of  wliite  paper,  well  illuminated,  is 
then  placed  at  a  little  distance  from  one  end  ol'  tlie  tube. 
and  ia  looked  at  through  the  tube.  Two  gemieircular 
spaaes  are  then  seen,  one  by  the  light  which  has  passed 
High  the  air,  the  other  by  tlie  light  which  lias  }>assed 
Igh  the  water ;  and  their  proximity  furnishes  a  means  of 
nparison,  which  is  absolutely  necessary  in  i-xperiments 
f  this  kind.  It  is  always  fouud  that,  wliile  the  former 
de  remains  white,  the  latter  one  is  vividly  coloured." 
>  When  the  beam  from  an  electric  lamp  is  sent  through  this 

"■tube,  and  a  convex  lens  is  placed  at  a  suitable  distance  from 
its  niottt  distant  end,  a  magnified  image  of  the  coloured 
and  nncoloured  semicircles  may  bo  projected  upc>n  a 
screen.  Tested  thus,  I  liave  sometimes  found,  after  rain, 
the  ordinary  pipe-water  of  the  Royal  institution  quite 
opaque ;  while,  under  other  circumstances,  I  have  found 
the  water  of  a  clear  green.  The  pump-water  of  the  Insti- 
tation  thus  examined  exhibits  a  ril:h  sherry  colour,  while 
distilled  water  is  blue-green. 

The  blueness  of  the  Grotto  of  Capri  is  due  to  the  fact 
that  the  light  which  enters  it  las  prtjviously  traversed  a 
great  depth  of  clear  water.  According  to  Bunsen's  account, 
the  laage,  or  cisterns  of  hot  water,  in  Iceland  must  be 
extremely  beautifni.  The  water  contains  silica  in  solution, 
which,  as  the  walla  of  the  cistern  arose,  was  deposited 
upon  them  in  &ntastic  incrustations.  These,  though  white, 
when  looked  at  timiugh  the  water  appear  of  a  lovely  blue, 
which  deepens  in  tint  as  the  vision  plunges  deeper  into  the 
liquid. 

I  . ,  *->ItL  in;  (u<i>  w^iciiineato  I  iiave  aaxat  ;al  bouu  ablo  tv  ubtain  k  puta 
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Ice  is  a  ciystal  formed  from  this  blae  liquid,  the 
colour  of  which  it  retains.  Ice  is  the  most  opaque  of 
transparent  solids  to  radiant  heat,  as  water  is  the  most 
opaque  of  liquids.  According  to  Melloni,  a  plate  of  ice  one 
twenty-fifth  of  an  inch  thick,  which  permits  the  rays  of 
light  to  pass  without  sensible  absorption,  cuts  off  94  per 
cent,  of  the  rays  of  heat  issuing  from  a  powerful  oil  lamp^ 
99^  per  cent  of  the  rays  issuing  from  incandescent  pUr 
tinum,  and  the  whole  of  the  rays  issuing  from  an  ohecxm 
source.  The  above  numbers  indicate  how  large  a  portioii 
of  the  rays  emitted  by  our  artificial  sources  of  light,  is 
obscure. 

When  the  rays  of  light  pass  through  a  sufficient  tluckneflB 
of  ice  the  longer  waves  are,  as  in  the  case  of  water,  more  and 
more  absorbed,  and  the  final  colour  of  the  substance  is  there- 
fore blue.  But  when  the  ice  is  filled  with  minute  air-bubbles^ 
though  we  should  loosely  call  it  whits,  it  may  exhibit*  even 
in  small  pieces,  a  delicate  blue  tint.  This,  I  think,  is 
due  to  the  frequent  interior  reflection  which  takes  place 
at  the  surfaces  of  the  air-cells;  so  that  the  light  which 
reaches  the  eye  from  the  interior  may,  in  consequence  of 
its  having  been  reflected  hither  and  thither,  really  have 
passed  tlirough  a  considerable  thickness  of  ice.  The  same 
remark,  as  we  have  already  seen,  applies  to  the  delicate 
colour  of  the  newlv  fallen  snow. 
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iating  of  the  Colours  of  Tliiii  Plates  we  found  that  a 

I  tliickneas  waa  necessary  to  produce   blue,   while 

peater  thickness  waa   necessary  for  red.     With  that 

ISerful  power  of  generalization  which  belonged  to  him, 

ton  (iiua  applies  this  apparently  remote  faet  to  the 

>  of  the  sky  : — "  The  blue  of  the  first  order,  though 

r  feint  and  httle,  may  possibly  be  the  colour  of  some 

Bs,  and  particularly  the  azure  colour  of  the  akiee 

!  to  be  of  this  order.     For  all  vapours,  when  they 

a  to  condense  and  coalesce  into  small  parcels,  become 

K  of  that  bigness  whereby  such  an  azure  is  reflected, 

3  they  can  constitute  clouds  of  other  coloura.     And 

f^iia  being  the  first  colour  which  vapours   begin   to 

,  it  ought  to  be  the  colour  of  the  finest  and  most 

rent  skies,  in  which  vapours  are  not  arrivetl  at  that 

)  requisite  to  reflect  other  colours,  as  we  fiud  it  is 

Kperieuce," 

,  Clausius  has  written  a  most  uiteresting  paper,  in 
1  he  endeavours  to  show  that  the  minute  particles  of 

r  which  are  supposed  by  Neft'ton  to  reflect  the  light, 

(tannot  be  little  globes  entirely  composed  of  water,  but 
bladders  or  hollow  spheres ;  the  va]>our  must  be  in  «biit 
is  generally  termed  the  veticular  state.  He  was  followed 
by  51,  Briicke,  whoso  experiments  prove  that  the  su»- 
pcinded  particles  may  be  so  small  that  the  reosoniug  uf 
M.  UlausiuB  may  not  apply  to  them. 

But  why  usHunie  the  uxiatenca  of  such  partifles  at  all? 

— why  not  assume  that  the  colour  of  the  air  is  blue,  aud 

idtiis  thu  light  uf  the  sun  blue,  after  the  fashion  uf  a 
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blue  glass  or  a  solution  of  the  sulphate  of  copper? 
already  referred  to  the  great  variation  which  the  colour 
of  the  firmament  undergoes  iu  the  Alps,  and  have  i 
marked  that  this  Boems  to  indicate  that  the  blue  depend! 
ii|)on  some  variable  constituent  of  the  atmosphere.  Fti* 
ther,  we  find  that  the  blue  light  of  the  sky  is  reJUetei 
light;  aud  there  must  be  somethiug  in  the  atmosphorv 
capable  of  producing  this  reflection ;  but  this  thing,  wfaab* 
ever  it  is,  produces  another  effect  which  the  blue  glass  <a 
liqnid  is  unable  to  produce.  These  trarmmit  blue  ligh^ 
whereas,  when  the  solar  beams  have  traversed  a  greak 
length  of  air,  as  in  the  morning  or  the  evening,  they  a 
yellow,  or  orange,  or  even  blood-red,  according  to  that 
state  of  the  atmosphere  :-i-the  transmitted  light  and  tha 
reflected  light  of  the  atmoaphere  are  then  totally  d 
in  colour. 

Goethe,  in  his  celebrated  '  Farbenlehre,'  gives  a  theoT| 
of  the  colour  of  the  sky,  and  has  illustrated  it  by  a  eesaa 
of  strildDg  facts.  He  assumed  two  principles  in  tha  niu 
verse — Light  and  Darkness — and  an  intermediate  stage  o 
Turbidity.  When  the  darkness  is  Seen  through  a  turbid 
medium  on  which  the  light  falls,  the  medium  appeon 
blue;  wlien  the  light  itself  is  viewed  tlirough  such  I 
medium,  it  is  yellow,  or  orange,  or  ruby-rod.  This  h( 
applies  t^  the  atmosphere,  which  seuds  iia  blue  light,  « 
red,  according  as  the  darkness  of  inflnite  si>ace,  or  tht 
bright  surface  of  the  sun,  is  regarded  through  it. 

As  a  theory  of  colours  Goethe's  work  is  of  no  value,  bd 
the  facts  which  be  has  brought  forward  in  illustratioa  of  tbi 
action  of  turbid  media  are  in  the  highest  degree 
iiig.  lie  refers  to  the  blueness  of  distant  mountaiiu^  d 
smoke,  of  the  lower  part  of  tlie  flame  of  a.  caudlu  (wliicb  H 
looked  at  with  a  white  surface  b«^'hiud  it  completely  dls 
appears),  of  i«oapy  water,  and  of  tho  procipitutes  of  tu 
resuis  in  water,    Oae  of  hia  auccdotca  iu  cotiooxion  i 
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tioB  subject  is  extremely  curioua  and  instnu-tive.  The 
portrait  of  a  very  dignified  tlieologian  baving  suffered 
from  dirt,  it  was  given  to  a  painter  to  be  cleaned.  The 
clergyman  was  drawn  in  a  dress  of  black  velvet,  over 
whicli  ihe  jiainter,  in  the  first  place,  passed  his  sponge.  To 
his  aatoDishment  tho  black  velvet  changed  to  the  colour  of 
blue  plush,  and  completely  altered  the  aspect  of  its 
wearer.  Goethe  was  informed  of  the  fact ;  the  experi- 
ment waa  repeated  in  his  presence,  and  he  at  once  solved 
it  by  reference  to  his  theory.  Tho  varnish  of  tlie  picture 
when  mixed  with  the  water  formed  a  turbid  medium,  find 
the  black  coat  seen  through  it  appeared  blue ;  when  the 
water  evaporated  the  coat  resumed  its  original  aspect. 

With  regard  to  the  real  explanation  of  these  effects,  it 
may  bo  shoivn,  that,  if  a  beam  of  white  light  bo  sent 
through  a  liquid  which  coutaiiia  extremely  minute  parti- 
oles  in  a  state  of  suspension,  tlie  short  waves  are  more 
copiously  reflected  by  such  particles  tlian  ihe  long  ones ; 
blue,  for  example,  ia  more  copiously  reHected  than  red. 
This  may  bo  shown  by  various  fiuo  precipitates,  but  tho 
best  is  that  of  liriicke.  We  know  tliat  mastic  and  various 
reaius  are  soluble  in  alcohol,  and  are  precipitated  when 
the  solution  is  poured  into  water ;  £au  de  Cologne,  for  ex- 
ample, produces  a  white  precipitate  when  poured  into 
water.  li'  however  this  precipitate  be  sufficiently  diluted, 
it  gives  tho  liquid  a  bluish  colour  by  reflected  light. 
Even  whi'n  the  precipitate  is  very  thick  and  gross,  and 
floats  uimn  tho  liquid  like  a  kind  of  curd,  its  under  por- 
tions often  exhibit  a  fine  blue.     I'o  obtain  particles  of  a 

jper  size,  Uriicko  recommends  1  gramme  of  colourless 
ptic  to  be  dissolved  in  87  grammes  of  alcohol,  and 
I  into  a  beaker  of  water,  wliich  is  kept  in  a  state 
t  agitation.    In  this  way  a  blue  resembliiip  tliat  of  the 

mament  may  bo  produced.  It  ia  best  seen  when  a  black 
I  is  placed  behind  the  glass ;  but  in  certab  positions 
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this  blue  liquid  appears  yellow ;  and  these  are  tlie  posittoi 
when  the  transmitted  light  reaches  the  eye.  It  is  eridea 
that  this  change  of  colour  must  iieceasarily  exist ;  for  tJ 
blue  being  partiflUy  withdrawn  by  more  copiouB  i 
tion,  tile  transmitted  light  must  partake  more  or  lees  c 
the  character  of  the  complementary  colour ;  though  it  doa 
not  follow  that  they  should  be  exactly  complementary  ti 
each  other. 

When  a  long  tube  ia  filled  with  clear  water,  the  coUis 
of  the  liquid,  as  before  stated,  shows  itself  by  transmitta 
light  The  effect  is  very  iutei-eating  wlien  a  solutioti  a 
mastic  is  permitted  to  drop  into  sncii  a  tube,  aud  the  £ 
precipitate  to  diffuse  itself  in  the  water.  The  blne-greAfl 
of  the  liquid  is  first  neutralized,  and  a  yellow  coloiQ 
shows  itself;  on  adding  more  of  the  solution  the  colooi 
jiasses  &om  yellow  to  orange,  and  from  orauge  to  bloodf 
red.  With  a  cell  an  inch  and  a  half  in  width,  contaioiilg 
water,  into  which  the  solution  of  mastic  is  suffered  to  dtvp^ 
the  same  effect  may  be  obtained.  If  the  light  of  i 
electric  lamp  be  caused  to  form  a  clear  snulilte  disk  tqitm 
a  white  screen,  the  gradual  change  of  this  light  by  aag 
meuted  precipitation  into  deep  glowing  red,  resQmhliii| 
the  colour  of  the  sun  when  seen  tlirough  fine  Lcindol 
mooke,  is  exceedingly  striking.  Indeed  the  smoke  wtsy  ig 
some  measure,  the  part  of  our  finely-suspended  matter. 
By  such  means  it  is  possible  to  imitate  the  phennin 
of  the  firmament ;  we  can  produce  its  pure  blue,  and  c 
it  to  vary  as  in  nature.  The  milhiness  wliich  steals  (tra 
the  heavens,  and  enables  ua  to  distinguish  one  cloodlefl 
day  from  anotlier,  can  bo  produced  witli  the  greatest  eaa 
Tho  yellow,  orange,  aud  red  light  of  tho  morning  ; 
I  ev«-4iiug  cull  also  b«  obtaiued :  indeed  the  offocts  are  a 
I  Btrikingly  alike  as  to  suggest  a  common  origin — that  ifai 
\  ooloum  of  the  sky  are  dut>  to  minute  {Hirlicles  difiyuo 
I  through  the  atniosphci'o.    TUoikt  ptirtich'S  aru  doabtli 
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condensed  vapour  of  water,  and  its  variation  in  quality 
amount  enables  us  to  understand  the  variability  of  tlie 
lanicutol  blue,  and  of  the  morning  and  the  evening  red. 
Professor  Forbes,  moreover,  has  made  the  interesting  ob- 
servation that  the  steam  of  a  locomotive,  at  a  certain  stage 
of  ite  condensation,  is  blue  or  red  according  as  it  is  viewed 
by  reflected  or  transmitted  light. 

These  considerations  enable  us  to  ncconnt  for  a  number 
of  facts  of  common  occurrence.  ITiin  milk,  when  jwured 
apon  a  black  surface,  apjieara  blnisli.  The  milk  is  colour- 
leae;  that  is.  its  blucness  is  not  due  to  aimorption,  but  to  a 
fl  of  the  light  by  the  [larticles  suspended  in  the 
The  juices  of  various  plants  owe  their  blueness  to 
)  cause ;  but  jierhaps  the  most  curious  illustration 
A  presented  by  a  blue  eye.  Here  we  have  no  true 
colouring  matter,  no  proper  abeoqition ;  but  we  look 
tltrongh  a  muddy  medium  at  the  black  choroid  coat  within 
ey^  and  the  medium  appears  blue.* 
it  not  probable  that  this  action  of  finely-divided 
T  may  have  some  inlluenco  on  the  colour  of  some  of 
'Swiss  lakes — as  that  of  Geneva  for  example  ?  This 
is  simply  an  expimdon  of  the  river  Rhone,  which 
from  tlie  end  of  Uie  Rhone  glacier,  as  the  Arveiron 
from  the  end  of  the  Mer  de  Glace.  Ivunierous  otlier 
IB  join  the  Rhone  right  and  left  during  its  down- 
course  ;  and  these  feeders,  being  almost  wholly  de- 
frora  glaciers,  join  the  Rhone  ehargi'd  with  tlie 
matter  which  these  in  their  motion  have  ground 
the  rocks  over  which  they  have  passed.  But  the 
must  grind  tlie  mass  beneath  them  to  particles 
sizes,  and  I  cannot  help  thinking  that  the  liueAt  of 
must  remain  suspended  in  the  lake  throughout  its 
length.  Faraday  has  shown  that  a  precipitate  of 
lUBy  require  montlis  to  sink  to  \he  bottom  of  a 
Hcloiliolii,  '  Dti»  ScliL'Q  ill*  Menscheii.* 
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bottle  not  more  than  five  inches  high,  and  in  all  probability 
it  wonld  require  ages  of  calm  sabsidence  to  bring  cU 
the  particles  which  the  Lake  of  Greneva  contains  to  its 
,  bottom*  It  seems  certainly  worthy  of  examination  whether 
sQch  particles  suspended  in  the  water  contribute  to  the 
production  of  that  magnificent  blue  which  has  excited 
the  admiration  of  all  who  have  seen  it  under  favourable 
circumstances. 


LATEItAL  MOHAIN'ES. 
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(8.) 

The  durfaue  of  the  glacier  doeB  not  long  retain  the  shining 
whiteness  of  the  snow  from  which  it  is  derived.  It  is 
flanked  by  mountains  which  are  washed  by  rain,  dislocated 
by  frost,  riven  by  liyhtniug,  traversed  by  avalanches,  and 
swept  by  storms.  The  lighter  debris  is  scattered  by  the 
B  far  and  wide  over  the  glacier,  sullying  the  purity  of 
t  snriace.  Loose  Bb  ingle  rattles  at  intervals  down  tlie 
3  of  the  mountains,  and  falls  npon  the  ice  where  it 
J  the  rooks.  Lai'ge  rocks  are  continually  let  loose, 
b  come  jumping  from  ledge  to  ledge,  the  cohesion  of 
e  being  proof  against  the  shocks  which  they  experience  ; 
I  others,  when  tliey  bit  the  rocks,  burst  like  bomb- 
i,  and  shower  their  iragmenls  npon  the  ice. 
■  Thus  the  glacier  is  incessantly  loaded  along  it«  borders 
1  the  ruins  of  the  mountains  which  limit  it ;  and  it  is 
lent  that  the  quantity  of  rock  and  nibbish  thus  cast 
K»n  the  glacier  dejK^nds  upon  the  character  of  the  ad- 
jacent mountains.  Where  the  summita  are  bare  and 
Mable,  we  may  expect  copious  showers ;  where  they  arc 
resistant,  and  particularly  where  they  are  jirotected  by  ii 
covering  of  ice  and  snow,  the  quantity  will  be  small.  As 
the  glacier  moves  doHnwanl.  it  carries  with  it  the  load 
deposited  npon  it.  Long  ridges  of  diSbris  thus  flank  the 
glacier,  and  thtise  ridges  are  called  lateral  moraines. 
Where  two  tributary  glaciers  join  to  form  a  trunk-glacier, 
their  wljaccnt  lateral  moraines  are  laid  side  by  side 
ut  tho  jilace  of  conflTience,  thus  constituting  a  ridge 
which  runs  along  the   middle   of  the  trunk-glacier,  and 
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which  is  called  u  medial  moraine.     The  ro<rkfi  and  debnB 
carried   down  by  the  glacier  are  finally  deposited  at  i 
lower  extremity,  forming  there  a  tfrminal  mormve. 

It  need  hardly  be  stated  that  tlie  number  of  medial 
moraines  is  ojdy  limited  by  the  number  of  hrttncli  glacien. 
If  a  glacier  have  but  two  branches,  it  will  have  only  ooa 
medial  meraijie ;  if  it  have  three  branches,  it  will  have  t 
medial  moraines  ;  if  n  branches,  it  will  have  n—\  medial 
moraines.  The  number  of  medial  moraines,  in  short,  i 
always  me  lest  than  the  number  of  branches.  A  glance  a 
the  annexed  figure  will  reveal  the  manner  in  which  thtt 
lateral  morainee  of  the  Mer  de  Glace  unite  to  form  medild 
ones,     (See  Fig.  19.) 

When  a  glacier  diminishes  in  size  it  leaves  ita  lateral 
moraines  stranded  on  the  flanks  of  the  valleys.  Succemve 
shrinkings  may  tliua  occur,  and  have  occurred  at  int^rvala 
of  centuries ;  and  a  succesaion  of  old  lateral  moraines,  endt 
as  many  glacier-valleys  exhibit,  is  the  consequence,  Th& 
Mer  de  Glace,  for  example,  has  its  old  lateral  moraint!^ 
which  nm  parallel  with  its  present  ones.  The  glacier  may 
also  diminish  in  bngth  at  distant  intervals ;  the  result  being 
a  succession  of  more  or  less  concentric  terminal  moraineai 
In  front  of  the  Hhone-glacier  we  have  six  or  seven  i 
moraines,  and  the  Mer  de  Glace  also  jtossesses  a  series  c 
them. 

Let  us  now  consider  the  efleot  produced  by  a  block  0 
iftone  upon  the  surface  of  a  glacier.  The  k-e  oroiUld  i 
leceives  tlie  direct  rays  of  the  sun.  and  is  acted  on  by  tba 
vann  air ;  it  is  therefore  constantly  melting.  The  ■ 
also  receives  the  solar  beams,  is  warmed,  and  ttansmita 
its  heat,  by  conduction,  to  the  ice  beneath  it.  If  the  beat 
thus  transmitted  to  the  ice  through  the  stone  be  lees 
equal  space  of  the  surrounding  ice  receiven,  i 
riifL'Bt  tliiit  the  ico  around  tlie  rtone  will  wasto  aKW 
lOickljr  than  that  beneath  it,  and  tlie  confle(]UuDco  i^  ti 
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as  the  surface  Binks,  it  leaves  behind  it  a  pillar  of  ice,  on 
which  the  block  is  elevated.  If  tlio  stone  be  wide  and  flat, 
it  may  rise  to  a  considerable  height,  and  in  this  position  it 
constitutes  what  is  culled  a  g\iic\er-table. 

Almost  all  glaciers  present  examples  of  such  tables ;  but 
no  glacier  with  which  I  am  acquainted  exhibits  them  in 
greater  number  and  perfection  than  the  Unteraar  glacier, 
Qear  the  Grimsel.     Vast  masses  of  granite  are  thus  poised 
aloft  on  icy  pedestals ;  but  a  limit  is  placed  to  their  exalta- 
tion   by  the    following    circumstance.      The    sun  plays 
obliquely  upon  the  table  all  day ;  its  southern  extremity 
teceiyes   more   heat  than   its   northern,  and  the   conse- 
quence   is,   that    it  dips    towards    the    south.      Strictly 
speaking,  the  plane  of  the  dip   rotates  a   little   during 
^e  day,  being  a  little  inclined  towards  the  east  iu  the 
morning,  north   and   south  a  little  after  noon,  and   in- 
clined towards  the  west  in  the  evening ;  so  that,  theore- 
tically speaking,   the  block   la    a    sun-dial,   showing   by 
its   position    the   hour  of    the   day.      This    rotation    ia, 
however,  too  small  to  be  sensible,  and  hence  the  dip  of  the 
ttvne*  upon   a  glacier  su^iently  exposed   to  the  sunlight, 
97ui&lea  MS  at  any  time  to  draw  the  meridian  line  along  itt 
turf  ace.     The  inclination  finally  becomes  so  great  that  the 
block  slips  off  its  pedestal,  and  begins  to  form  another, 
while  the  one  which  it  originally  occupied  speedily  dis- 
appears, under  the  influence  of  sun  and  air.   Fig.  20  repre- 
eeuts  a  typical  section  of  a  glacier-table,  tlie  sun's  rays 
being  supiKJsed  to  fall  in  the  du-ection  of  the  shading  lines. 
Stones  of  a  certain  size  are  always  hfted  in  the  way 
described.     A  considerable  portion  of  the  heat  which  ii 
lai^e  block  receives  is  wasted  by  radiation,  and  by  coni- 
mnnication  to  the  air,  so  that  the  quantity  which  reaches 
the  ice  beneath  is  trifling.     Such  a  mass  is,  of  course,  a 
protector  of  the  ice  beneath  it.     But  if  the  stone  be  small, 
and  dark  in  colour,  it  absorbs  the  heat  with  avidity,  com- 
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monicates  it  qtiickly  to  the  ice  with  which  it  is  in  contact, 
and  consequently  amke  in  the  ice.  This  is  also  the  case 
with  bits  of  dirt  and  the  finer  fragments  of  debris ;  they  sink 
in  the  glacier.     Sometimes,  however,  a  pretty  thick  layv 


of  sand  is  washed  over  the  ice  from  the  moraines,  or  from 
the  mountain-sides;  and  such  sand-layers  give  birth <to 
ice-cones,  which  grow  to  peculiarly  grand  dimensions  on 
the  Lower  Aar  glacier.  I  say  "  grow,"  but  the  truth,  of 
course,  ia,  that  the  surrounding  ice  wastes,  while  the  por- 
tion underneath  the  sand  is  so  protected  that  it  remains 
Its  an  eminence  behind.  At  first  sight,  these  sand-covered 
cones  appear  huge  heaps  of  dirt,  but  on  examination  they 
are  found  to  be  cones  of  ice,  and  that  the  dirt  constitnteB 
merely  a  superficial  covering. 

Turn  we  now  to  the  moraines.  Protecting,  as  they  do,  the 
ice  from  waste,  they  rise,  as  might  bo  expected,  in  vast  ridges 
above  the  general  surface  of  the  glacier.  In  some  cases  the 
surrounding  mass  has  been  so  wasted  as  to  leave  the  spines 
of  ice  which  support  the  moraines  forty  or  fifty  feet  above 
the  general  level  of  the  glacier.  I  shonid  think  Uie  n 
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the  Mer  da  Glaco  about  the  Tacul  rise  to  this  height. 
But  lower  down,  in  the  iieighbourhoo<i  of  the  Echelets, 
these  high  ridges  disappear,  and  nought  remains  to  uiark 
the  hupo  mominis  but  a  strip  of  dirt,  and  perhaps  a  slight 
longitmlinal  protuberance  on  the  surface  of  the  glacier. 
How  have  the  blocks  vanished  that  once  loaded  the 
moraines  near  the  Tacul  ?  They  have  been  swallowed  in 
the  crevasses  which  intersect  the  moroiucs  lower  down ; 
ttJid  if  wo  could  examiue  the  ice  at  the  Echelets  we 
should  find  the  engulfed  rocks  in  the  body  of  the  glacier. 

Cases  occur,  wherein  moraines,  after  having  been 
engulfed,  and  hidden  for  a  time,  are  again  entirely 
disgorged  by  the  glacier.  Two  moraines  run  along  the 
ba^  of  the  Talefro,  one  from  the  Jarclin,  the  other  from 
an  adjacent  promontory,  proceeding  imruUel  to  each  other 
towards  the  summit  of  the  great  ice-fall.  Here  the  ice  ia 
riven,  and  profound  chasms  are  formed,  in  which  the 
blocks  and  eJiingle  of  the  moraines  disappear.  Through- 
ont  tho  entire  ice-fall  the  only  trace  of  the  moraines  is  a 
broail  dirt-streak,  which  the  eyo  may  follow  along  the  centre 
of  the  full,  with  perhaps  here  and  there  a  stone  which  has 
managed  to  rise  from  its  frozen  sepulchre.  But  the  ice 
waste:^,  and  at  the  base  of  the  fall  large  musses  of  stone 
begin  to  renp}iear;  these  become  more  nnmi,T(ms  as  we 
descend ;  the  smaller  debris  also  appears,  and  finally,  at 
some  tUstance  below  the  fall,  the  moraine  is  completely 
restored,  and  begins  ia  exercise  its  protecting  influence ; 
it  rises  upon  its  ridge  of  ice,  and  dominates  as  before  over 
tho  surface  of  the  glacier. 

The  ice  under  tho  moraines  and  sand-cones  is  of  ii 
different  appearance  from  tliat  of  the  surrounding  glacier, 
and  iJie  principles  we  have  laid  down  enable  us  to  es]'lain 
the  ilifli-rence.  The  sun's  raya,  striking  upon  the  unpro- 
tected surface  of  the  glacier,  enter  the  ice  to  a  consideniblc 
ith;  and   the   conseciuence   is,  that   the  ice  near   iIil- 
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8ur£Ace  of  the  glacier  is  always  disintegrated,  being  cut  np 
with  minute  fissures  and  cavities,  filled  with  water  and  air, 
which,  for  reasons  already  assigned,  cause  the  glacier, 
when  it  is  clean,  to  appear  white  and  opaque.  The  ice 
under  the  moraines,  on  the  contrary,  is  usually  dark  and 
transparent ;  I  have  sometimes  seen  it  as  black  as  pitch, 
the  blackness  being  a  proof  of  its  great  transparency, 
which  prevents  the  reflection  of  light  from  its  interior. 

The  ice  under  the  moraines  cannot  be  assailed  in  its 
depths  by  the  solar  heat,  because  this  heat  becomes 
obscure  before  it  reaches  the  ice,  and  as  such  it  lacks 
the  power  of  penetrating  the  substance.  It  is  also  com- 
municated in  great  part  by  way  of  contact  instead  of  by 
radiation.  A  thin  film  at  the  surface  of  the  moraine-ice 
engages  all  the  heat  that  acts  upon  it,  its  deeper  portions 
remaining  intact  and  transparent. 
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GLACIER  MOTION. 


PRELIMINARY. 


lOL'UB  a  glacier  is  really  composed  of  two  [Kirtions,  one 
'6  and  the  other  below  tlie  snow-line,  the  tenn  f^ihicier 
losiially  restrictlid  to  the  latter,  while  the  French  term 
is  applied  to  the  former.  It  is  manifest  that  &e  snow 
which  falls  upon  the  glacier  proper  can  contribute  nothing 
to  its  grottlh  or  j)enuanen'e ;  for  every  aiiinmer  ia  not  only 
comjjetent  to  abolish  the  accumulations  of  the  foregoing 
winter,  but  to  do  a  great  deal  more.  During  each  summer 
indeed  a  considerable  quantity  of  the  ice  below  the  snow- 
line is  reduced  to  water;  so  that,  if  the  waste  were  not  In 
some  way  supplied,  it  is  manifest  that  in  a  few  years  the 
lower  portion  of  the  glacier  must  entirely  disappear.  l'li«- 
end  of  the  Mer  de  Glace,  for  example,  could  never  year 
after  year  thrust  itself  into  the  valley  of  Chamouni,  werr 
there  not  some  agency  by  which  its  manifest  wasti'  is 
le  good.  This  agency  is  tlie  motion  of  tlie  glacier. 
To  those  unacquainted  with  the  fai-t  of  their  motion,  but 
have  stood  upon  these  vast  accumiitafions  of  ice,  aii<l 
Doticod  their  apparent  fixity  and  rigidity,  the  tissertiiui 
that  a  glacier  moves  must  appear  in  the  highest  degree 
startling  and  hicredible.  They  woiUd  naturally  shore  the 
doubts  of  a  certain  professor  of  Tiibingen,  who,  after  a  visit 
to  the  glaciers  of  ISwitJierland  went  home  and  wrote  a 
book  flatly  denying  the  possibility  of  their  motion.  But 
lection  comes  to  tlie  aid  of  senstf,  and  ([uaiifiea  first 
ressions.  We  ash  ourselves  how  is  the  pennanence  of 
glacier  secured?    How  are  the  moraines  to  he  ao 
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counted  for?  Wlience  come  the  blocks  which  we  often 
find  at  the  terminus  of  a  glacier,  and  which  we  know 
belong  to  distant  mountains?  The  necessity  of  motion  to 
produce  these  results  becomes  more  and  more  apparent, 
until  at  length  we  resort  to  actual  experiment.  We  take 
two  fixed  points  at  opposite  sides  of  the  glacier,  so  that  a 
block  of  stone  which  rests  upon  the  ice  may  be  in  the 
straight  line  which  unites  the  points ;  and  we  soon  find 
that  the  block  quits  the  line,  and  is  borne  downwards  by 
the  glacier.  We  may  well  realize  the  interest  of  the  man 
who  first  engaged  in  this  experiment,  and  the  pleasure 
wliich  he  felt  on  finding  that  the  block  moved  ;  for 
even  now,  after  hundreds  of  observations  on  the  motion 
of  glaciers  have  been  made,  the  actual  observance  of  this 
motion  for  the  first  time  is  always  accompanied  by  a  thrill 
of  deliglit.  Such  pleasure  the  direct  perception  of  natural 
truth  always  imparts.  Like  Antfleus  we  touch  our  mother, 
and  are  refreslied  by  the  contact. 

The  fact  of  glacier-motion  has  been  known  for  an  inde- 
finite time  to  the  inliabitants  of  the  mountains ;  but  the 
first  who  made  quantitative  observations  of  the  motion  was 
Hugi.  He  found  that  from  1827  to  1830  his  cabin  upon 
the  glacier  of  the  Aar  had  moved  100  mitres,  or  about  110 
yards,  downwards ;  in  1836  it  had  moved  714  mitres ;  and 
in  1841  M.  Agassiz  found  it  at  a  distance  of  1428  metres 
from  its  first  position.  This  is  equivalent  in  round  nnin- 
bcrs  to  an  average  velocity  of  100  metres  a-year.  In 
1840  M.  Agassiz  fixed  the  position  of  the  rock  kno\vn  as 
the  Hotel  des  Neufchatelois ;  and  on  the  5th  of  September, 
1841,  he  found  that  it  had  moved  213  feet  downward. 
Between  this  date  and  September,  1842,  the  rock  moved 
273  feet,  thus  accomplishing  a  distance  of  48G  feet  in  two 
years. 

liut  much  uncertainty  prevailed  regarding  tlie  motion 
of  the  boulders,  for  they  sometimes  rolled  upon  the  gladw. 
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and  hence  it  was  resolved  to  use  stakes  of  woo<!  driven  inbi 
the  ice.  In  the  month  of  July,  1841,  M.  Escher  de  In 
Linth  fixed  a  system  of  Btakes,  every  two  of  wliicli  were 
separated  from  each  other  by  a  distance  of  100  metres, 
across  tlio  groat  Aletach  glacier,  A  considerable  numbi:r 
of  other  stokes  wero  fixed  along  the  glacior,  the  longitu- 
dinal separation  being  alao  100  mitrea.  On  the  Stli  of 
July  the  stakes  stood  at  a  depth  of  aboat  three  feet  in 
the  iee.  On  the  Ifith  of  August  he  returned  to  the  glacier. 
Almost  all  the  stakes  had  fallen,  and  no  trace,  cTen  of  the 
holes  in  which  they  had  been  sunk,  romainetL  M.  Agassiz 
was  equally  unsuccessful  on  the  glacier  of  the  Aar.  It 
must  thiTeforo  be  borne  in  mind,  that,  previous  to  the 
introduction  of  the  facile  modes  of  measurement  which  we 
now  uTDploy.  severe  hil>oiir  and  frequent  di8a]»pointment 
had  taught  observers  the  true  conditions  of  success. 

After  his  defeat  upon  the  Aletach,  M.  Eacher  joined 
md  Desor  on  the  Aar  glacier,  where,  between 

6  31st  of  August  and  the  5th  of  September,  they  fixed 
ftooncert  the  [wsitions  of  a  series  of  blocks  upon  the  ice, 
li  the  view  of  measuring  their  disjilacements  the  follow- 

lyear. 
kl&nother  observation  of  great  imiiortance  was  also  coni- 
1  in  1841,    Warned  by  preiHous  failures,  M.  Agassiz 

I  iron  boring-ro«ls  carried  up  the  glacier,  with  which  he 
1  the  ice  at  six  places  to  a  depth  of  ten  feet,  and 
fA  each  place  drove  a  wooden  pile  into  the  ice  These  six 
gtatinm  sv^re  iii  the  same  straight  lino  across  the  glacier ; 
three  of  them  standing  upon  the  Finsteraar  aud  throe  on 
the  Lauioraor  tributary.  About  this  time  also  M.  Agassin 
cOQCeirod  the  idea  of  having  the  displacements  measured 
the  year  following  with  precise  iostniments,  and  also  of 
^TUig  constrocti'd,  by  a  jtrofessional  engineer,  a  map  of 
entire  glacier,  on  which  all  its  visible  "accidents" 
lid  Ite  rlrawn  ai-cording  (o  scale.    This  excellent  work 
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was  afterwarda  execute*]  by  M.  Wild,  now  Profeesor  o| 
Geodesy  and  Toi)0(;frai>by  in  tho  Polyieclinic  School  i 
Ziirich,  and  it  is  piiblislivil  as  a  separate  atW  in  connexion 
with  M.  AgaBsiz's  ■  Systirae  Glaciaire.' 

3L  AgasBJz  is  a  uaturaliBt,  and  he  appears  to  liare  ( 
voted  but  little  attention  to  the  study  of  physics.  At  aD 
events,  the  physical  portions  of  his  writinfiB  appear  to  I 
to  be  very  often  defective.  It  waa  probably  his  own  c 
sciousDesa  of  this  deficiency  tbat  led  him  to  invoice  tl 
advice  of  Arago  and  oUiers  prerious  to  setting  out  upon  I 
cxcuraions.  It  was  also  his  desire  "  to  see  a  philosopher  M 
justly  celebrated  occupy  himself  with  the  subjtsct,"  whu^ 
induced  him  to  invite  Prof.  J.  D.  Forbes  of  Edinbnrgh  t 
be  his  guest  upon  the  Aar  glacier  in  1S41.  On  the  8t|i 
of  August  they  met  at  the  Grinisel  Hospice,  and  fc* 
thiee  weeks  afterwards  they  were  engaged  b>gethcr  daily 
upim  the  ice,  sharing  at  night  the  shelter  of  tlie  sama 
rude  Kmf.  It  is  in  reference  to  this  ^Hait  that  Prof.  Forberi 
wriira  thua  at  page  38  of  the '  Travela  in  the  Alps : ' — "Pa« 
from  i)eing  ready  to  admit  as  my  sanguine  companioU 
wbbed  me  to  do  in  1841,  that  the  theory  of  glaciers  w 
complete,  and  Uie  cause  of  their  motion  certain,  after  p 
tiently  hearing  all  they  hiwl  to  say  and  reuerving  my  opinion^ 
I  drew  the  conclusion  that  no  theory  wliich  I  had  thet 
heard  of  could  account  for  tlie  few  facts  admitted  on  aS 
hands."     In  1842  Prof,  Forbes  repaired,  as  early  t 

I   state  of  the  snowpermitted,  to  theMerde  Glaeo;  hew 
there,  in  the  first  instance,   for   a  week,   and  afterwsttb 

I  crossed  over  to  Conrraayeur  to  witness  a  solar  eclipse. 
result  of  his  week's  observations  was  immediately  c 
nicated  to  Prof.  Jameson,  then  tiditor  of  the  '  EdinbtU^l 

1  New  Philosophical  Journal." 

In  tliat  letter  he  anrnmnres  the  fai-t,  but  gives  no  dfttaill 
of  the  measurement,  that  "the  central  part  of  tlio  glMiei 

I  morea  (aater  than  the  edges  in  a  very  considerable  propoi 
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Kin ;  quite  contrnry  to  the  opinion  generally  entertained." 
e  alao  announced  at  the  same  time  tho  continuous 
mrly  advance  of  the  glacier.  This  letter  bears  the  date, 
'*  Courmayeur,  Piedmont,  4th  July,"  but  it  was  not  pub- 
lished until  tile  month  of  October  following. 

Meanwhile  M.  Agassiz,  in  comjtany  with  M.  Wild,  re- 
tamed  to  complete  hi§  experiment  uixjii  the  glsicier  of  the 
Aar.  On  the  20tli  of  July,  1S12.  the  displacements  of  the 
six  piles  which  he  had  planted  the  year  before  were  de- 
termined by  means  of  s  theodolite.  Of  the  three  upon 
the  FinBteraar  affluent,  that  nearest  the  side  had  moved 
fiO  feet,  the  next  225  feet,  while  tliat  nearest  to  the  centre 
1  moyed  269  feet.  Of  those  on  the  Lauteraar,  that 
rest  the  side  had  moved  125  feet,  the  next  210  feet, 
i  that  nearest  the  centre  246  feet.  These  ohaer\-utiou« 
e  perfectly  conclusive  as  to  the  quicker  motion  of  the 
mtre :  they  embrace  a  year's  motion ;  and  the  magnitude 
of  tlie  displacements,  causing  en-ors  of  inches,  which  might 
seriously  affect  small  displacements,  to  vanish,  justifies  u« 
in  ranking  this  experiment  with  the  most  satisiactory  of 
the  kind  that  have  ever  been  made.  The  results  were 
communicated  to  Arago  in  a  letter  dated  from  the  glacier 
of  the  Aar,  on  the  lat  of  August,  1842 ;  they  were  laid 
before  the  Academy  of  Sciences  on  the  20th  of  August, 
1842,  and  are  published  in  the  'Comptes  Eendus'  of 
the  same  date. 

The  facts,  thi-u,  so  far  ajj  I  liave  beeu  able  to  collect 
them,  are  as  follows: — M.  Agassiz  commenced  his  ex- 
periment about  ten  months  before  Professor  Forbes,  and 
the  results  of  his  measurements,  with  quantities  stated, 
were  communicated  to  the  French  Academy  about  two 
months  prior  (o  the  publication  of  the  letter  of  Profe^or 
~  '  1  in  the  '  Edinbnrgh  Philosophical  Journal.'  But 
'  latter  communication,  announcing  in  general  terms 
'  fact  of  the  speedier  central  motion,  was  dated 
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Counnayeor  twenty-seven  days  before  the   date  of  M. 
Agassiz's  letter  from  the  glacier  of  the  Aar. 

The  speedier  motion  of  the  central  portion  of  a  glacier 
has  been  justly  regarded  as  one  of  cardinal  importance, 
and  no  other  observation  has  been  the  snbject  of  such 
frequent  reference;  but  the  general  impression  in  Eng- 
land is,  that  M.  Agassiz  had  neither  part  nor  lot  in  the 
establishment  of  the  above  fact ;  and  in  no  English  work 
with  which  I  am  acquainted  can  I  find  any  reference  to 
the  above  measurements.  Belying  indeed  upon  such 
sources  for  my  information^  I  remained  ignorant  of  the 
existence  of  the  paper  in  the  '  Comptes  Bendus '  until  my 
attention  was  directed  to  it  by  Professor  Wheatstone.  In 
the  next  following  chapters  I  shall  have  to  state  the  results 
of  some  of  my  own  measurements,  and  shall  afterwards 
devote  a  little  time  to  the  consideration  of  the  cause  of 
glacier-motion.  In  treating  a  question  on  which  so  much 
has  been  written,  it  is  of  course  impossible,  as  it  would  be 
undesireable,  to  avoid  subjecting  both  my  own  views  and 
those  of  others  to  a  critical  examination.  But  in  so  doing 
I  hope  that  no  expression  shall  escape  me  inconsistent  with 
the  courtesy  which  ought  to  be  habitual  among  philoso- 
phers or  with  the  frank  recognition  of  the  just  claims  of 
my  predecessors. 


■bol 
■luui 


tesday,   the  14th   of  July,  1857,  I  made  my  first 
miration  on  the  motion  of  the  Mer  de  Glace.     Accora- 
ed  liy  Mr.  Hirst  I  selected  on  the  steep  slope  of  the 
Glacier  dea  Bois  a  straight  pinnacle  of  ice,  the  front  edge 
(rf  which  was  perfectly  verlicai.     In  coincidence  with  this 
edge  I  fixed  tJie  vortical  fibre  of  the  theodoHle,  and  per^ 
itted   the    iiistmnient   to  stand   for   three   hours.     On 
iking  through  it  at  the  end  of  this  interval,  the  cross 
were  found  projected  against  the  wliite  side  of  the 
pyramid ;  the  whole  mass  having  moved  Beveral  inches 
dowDwiu-ds. 
The  instrument  here  mentioned,  which  had  long  Been 
use  among  engineers  and  Burveyors,  was  tii'st  applied 
b  measure  glacier-motion  in  1842 ;  by  Prof.  Forbes  on 
Mer  de  Ghico,  and  by  M.  Agosaiz  va  the  glacier  of 
Aar,     Tlie  portion  of  the   theodolite  mode   nee   of 
asily  understood.     The   instrument  is  furnished  witlj 
telescope   capable  of   turning   up   aud   down   ujk>u   u 
rot,  without  the  slightest  deviation  right  or  left ;  and 
ipable  of  turning  right  or  left  without  the  alight- 
deviation  up   or   down.     Within   the   telescope  two 
of  spider's  thread,  so  fine  as  to  be  scarcely  visibh- 
the  naked  eye.  are  drawn  across  the  tube  and  acrusa 
oth«r.     Wheu  we    look   through   the  telescope  we 
these  fibres,  their  point  of  intersection  being  exactly 
the   centre   of  the  tube ;   and  tlie  instrument   is   liir- 
with   screws   by  means   of  which   this   point  can 
fixed  upon  any  desired  object  with  the  utmost  preci- 


.     the 
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i;  MODE  OF  MEASUBEUEKT. 

lu  settiog  a  straight  row  of  stakes  acros  the  glaoS^ 

our  mode  of  proeee*Ung  was  in  all  l-osi-s  this: — Tlie  llieo* 

loiitf   was    placed   on    the    raounttiin-side   flanking   tlio 

lacier,  quite  clear  of  the  ice;   and  having  doterminsd 

le  direction  of  a  line  perpendicular  to  the  axis  of  tbo 

ier,  a  well-defined  ohject  was  sought  at  the  opposite 

,e  nf  the  valley  as  close  as  jKwaible  to  tliia  direction ; 

object  being,  in  some  cases,  the  sharp  edge  of  a  cliff; 

others,  a  projecting  comer  of  rock  ;  and,  in  othonti  a 

well-defined  mark  on  the  face  of  the  rock.     This  object 

and  those  around  it  were  ciirefully  sketched,  so  that  on 

returning  to  the  place  it  could  be  instantly  recogaizod. 

On  commencing  a  line  the  point  of  intersection  of  tlie 

two  spiders'  threads  within  the  telescope  waa  first  fixe^ 

accurately  upon  the  point  thus  chosen,  and  an  assistant 

carrying  a  rtraight  baton  was  sent  upon  the  ice.    Byroo^ 

signalling  he  &rst  HtooiJ   ue&r  the  place  where  the  first 

slake  was  to  be  driven  in ;  and  the  object  end  of  the  tele- 

'\>e  was  then   lowered  imtil  he  came  within  the  field  of 

He  held  his  staff  upright  upon  the  ice,  and,  in 

lAedience  to  signals,  moved  upwards  or  downwards  until 

the   point  of  intersection  of  the  spiders'  threads  exactly 

liit   the   bottom  of  the   baton;   a  concerted   signal   was 

then  made,  the  ice  was  pierced  with  an  auger  to  a  depth 

about  sixteen  inches,  and  ti  stake  about  two  feet  long 

firmly  driven  into  it,     ITie  ossistout  tlien  advanced 

some   distance   across    the  glacier;   the  end  of  tie 

telescope  was  now  gently  raised  until  he  and  his  upri^t 

staff  again  appeared  in  the  field  of  view.     He  then  moved 

as  before  until  the  bottom  of  his  staff  was  stnick  by  the 

point  of  intersection,  and  hem  a  second  stake  was  fixed 

in  the  ice.     In  this  way  the  process  was  continued  until 

the  line  of  stakes  was  completed. 

Before  quitting  the  station,  a  plummet  was  suspended 
hook  directly  undurncuth  the  centre  of  ihv  theo- 
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^^■Site.  and  the  place  where  the  point  touched  the  ground 
^^|nt:  difltinctly  marked.  To  measure  the  motiou  of  the 
^^^iie  of  stakes,  we  returned  to  tiie  place  a  day  or  two 
flfterwards,  and  by  meaos  of  the  plummet  were  able  to 
make  the  theodolite  occupy  the  exact  position  which  it 
ixjcnpied  when  the  line  was  set  out.  The  telescope  being 
directed  upon  the  point  at  tlie  opposite  side  of  the  valley, 
and  gradiiiiliy  lowered,  it  was  fouud  that  no  single  stake 
along  llie  line  prt-stitred  its  first  position :  they  bad  all 
Bhifte/1  downwards.  The  assistant  was  sent  to  tlie  first 
stake;  the  point  whicli  it  had  first  occupied. was  again 
Jetenniued.  and  ita  present  distance  from  tlmt  jMJint 
(ourately  measured.  The  same  thing  was  done  in  the 
of  eucb  stake,  and  thus  the  displacement  of  the 
lole  row  of  stakes  was  ascertained.*  The  time  at  which 
)  stake  was  fixed,  and  at  which  its  displacement  was 
red,  being  careiully  noted,  a  simple  calculation  de- 
ferminod  the  dtdlif  motion  of  the  stake. 

Thus,  on  the   17th  of  July,  1857,  we  set  out  our  first 

line  across  the  Mer  de  Glace,  at  some  distance  below  the 

Itontanvert ;   on  the  day  following  we  measurt-d  the  pro- 

s  of  the  stakes.    The  observed  displacements  nro  set 

1  in  the  following  table : — 


rasT  Lut«.— Dailv  Motion. 

i™±«. 

No.ofHiilM,                Indin. 

12* 

6       moved        .. 

m 

7           ..          2(4 

224 

8 

9          ..           28J 

24* 

10          ..          801  East 

a  the  part  of  the  man  wli»  meosoit's  Iliv  dia- 
Ttie  BtafToDght  tu  Ijl- piiwMl  along  tli(>  original  Ibe,iind  the 
il  ought  ta  walk  atoug  i[  until  the  foot  of  n  perpmdi'cBlar  from  the 
sikfco  l«  »tbuiiMd.  Whou  spveral  duys'  motion  ia  to  bo  lucaBored.  tliln  Jiro- 
oftution  is  Abaolaleljr  nixMiasarj  ;  tha  e je  being  liable  to  be  gtottly  dtijeived 
in  ffuatitt^  tlie  dlreclioD  of  a.  pcrpeodioalar. 
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THE  CEXTRE-PODJT  XOT  THE  QUICKEST. 


The  tlieodob'te  in  this  case  stood  on  the  MoDtanvett  side 
of  the  valley,  and  the  stakes  ate  numbered  from  tliia  side. 
We  see  that  the  motion  gradually  augments  from  the  I  at 
stake  onward — the  1st  stake  being  held  back  by  the 
frictioD  of  the  ice  against  the  Hanking  moiuitain-eide. 
The  Htakes  4,  6,  and  8  have  no  motion  attached  to  them, 
as  an  ticcidcut  rendered  the  measurement  of  their  displace- 
ments uncertain.  But  one  remarkable  fact  is  exhibited 
by  this  line ;  the  7th  stake  stood  upon  the  middle  of  the 
glacier,  and  we  see  that  its  motion  is  by  no  means  ^e 
quickest ;  it  is  exceeded  in  this  respect  by  the  stakes  9 
andlU. 

The  portion  of  tlio  glacier  on  which  the  10th  stake  stood 
was  very  much  cut  up  by  crevasses,  and,  while  tlio  ussistant 
was  boring  it  with  liis  auger,  tlie  ice  beneath  him  was 
observed,  through  the  telescope,  lo  slide  suddenly  forward 
for  about  4  inches.  The  other  stakes  retained  their  jio- 
flitiona,  so  tliat  the  movement  was  jmrely  local  BeductiDg 
tlie  4  inches  thus  irregularly  obtained,  wo  ^ould  have  a 
daily  motion  of  31i  inches  for  stake  No.  10.  The  place  was 
watched  for  some  time,  but  the  slipping  was  not  rc])eated ; 
and  a  second  measurement  on  the  succeeding  day  mode 
&e  motion  of  the  10th  stoke  32  inches,  whilst  that  of  the 
centre  of  the  glacier  was  only  27. 

Here,  tlien,  woa  a  fact  which  needed  explanation ;  btlti 
before  attempting  this,  I  resolve*!,  by  repeated  meflmre- 
meuts  in  the  same  locality,  to  place  the  existence  of  the 
feet  beyond  doubt.  We  therefore  ascended  to  a  point 
upon  the  old  and  now  motionless  moraine,  a  littli.-  abova 
the  Montanvert  Hfltel ;  and  choosing,  as  before,  a  weD- 
ilelined  object  at  the  opposite  side  of  the  rulley,  we  set 
between  it  and  the  theodolite  a  row  of  twenty  stakes 
the  glacier.  Their  motions,  menenred  on  a  sub- 
t  day,  and  reduced  to  their  daily  mte,  gnvo  tlu* 
[Itfi  set  down  in  the  following  table : — 


CORROBOBATrVE  MEASUREMENTS. 


Sboond  LrsB. — Daily  Motion. 


27il 


No.  of  .lit 

7i 

12 

movod   21 
221 

m 

13 

ai 

Hi 

14 

22} 

iS 

IS 

m 

:«j 

IB 

211 

m 

17 

221 

10 

\» 

2Si 

21 

19 
20 

25} 

^^KAs  regards  the  retardation  of  the  side,  we  obeervo  here 

^^Bb  same  fact  as  that   revealed  by  our  first  line — tlie 

laotioa  gradually  augments  from  the  first  stake  to  the  last. 

The  stake  No.  20  stood  uiK>n  the  dirty  portion  of  the  ice, 

which  was  Jerired  from  the  Talifre  tributary  of  thoMer 

1  GIftce,    and  far  beyond   the   middle   of  the  glacier. 

leaaurements,  therefore,  corroborate  that  msHe 

iwer  down,  as  regards  the  non-coincidenco  of  the  point 

f  Bwifteflt  motion  with  the  centre  of  the  glacier. 

[  Bat  it  will  bo  observed  that  the  measurements  do  not 

V  any  retardation  of  the  ice  at  the  eastern  extrt'ini^  of 

the  line  of  stakes — the  motion  goes  on  augmenting  from  the 

tirst  stake  to  the  last.    The  reason  of  this  is,  that  in  neither 

_of  the  coses  recorded  were  we  able  to  get  the  line  quite 

^LpEBTOSB  the  glacier;  the  crevasses   and  broken  icc-ridges, 

^H^lich  intercepted  the  vision,  compelled  us  to  halt  before 

^V^We  came  sufficiently  close  to  the  eastern  side  to  make  its 

retardation  sensible.     But  on  the  20tli  of  July  my  friend 

Hirst  sought  out  an  elevated  station  on  the  Chapoau,  or 

eastern  side  of  the  valley,  whence  he  could  command  a 

view  from  side  to  side  over  all  the  humps  and  inequalities 

of  the  ice,  the   fixed   point   at  the  opposite  side,   upon 

which    the  telescope  was  directed,  being  the  comer  of  a 

window  of  the  Montanvert  HotaL     Along  this  line  wertr 
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placed  twelye  stakes,  the  daily  motions  of  which  were 
found  to  be  as  follows : — 


Thtbd  Likb,— Daily  Motion 

> 

Naofftaba 

» 

Inchfes. 

Na  of  stake. 

Inches. 

East   1 

moved 

191 

7      moved 

24* 

2 

ff 

22] 

8 

25 

8 

»» 

28| 

9 

25 

4 

»f 

30i 

10 

18 

5 

ft 

83f 

11 

•  • 

6 

»t 

28i                 ! 

12 

8J 

The  numbering  of  the  stakes  along  this  line  commenced 
firom  the  Chapeau-side  of  the  glacier,  and  the  retardation 
of  that  side  is  now  manifest  enough ;  the  motion  gradually 
augmenting  from  194^  to  33i  inches.  But,  comparing  the 
Telocity  of  the  two  extreme  stakes,  we  find  that  the  retarda- 
tion of  stake  12  is  much  greater  than  that  of  stake  1. 
Stake  5,  moreover,  which  moved  with  the  maximum  velo- 
city, was  not  upon  the  centre  of  the  glacier,  but  much 
nearer  to  the  eastern  than  to  the  western  side. 

It  was  thus  placed  beyond  doubt  that  the  point  of  maxi- 
mum motion  of  the  Mer  de  Glace,  at  the  place  referred  to, 
is  not  the  centre  of  the  glacier.  But,  to  make  assurance 
doubly  sure,  I  examined  the  comparative  motion  along 
three  other  lines,  and  found  in  all  the  same  undeviating 
result. 

This  result  is  not  only  unexpected,  but  is  quite  at 
variance  with  the  opinions  hitherto  held  regarding  the 
motion  of  the  Mer  de  Glace.  The  reader  knows  that  the 
trunk-stream  is  composed  of  three  great  tributaries  from 
the  G^ant,  the  L6chaud,  and  the  Tal^fre.  The  Glacier  dn 
G^nt  fills  more  than  half  of  the  trunk-valley,  and  the 
junction  between  it  and  its  neighbours  is  plainly  marked 
by  the  dirt  upon  the  sur&ce  of  the  latter.  In  fact  four 
medial  moraines  are  crowded  together  on  the  eastem  side 
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of  the  glacier,  and  before  reaching  the  MoDtanvert  they 
have  strewn  their  debris  quite  over  the  adjacent  ice. 
A  distinct  limit  ia  thus  formed  between  the  clean  Glacier 
du  Geant  and  the  other  dirty  tributaries  of  the  trunli- 
|lBtream. 

Now  tlie  eagtern  side  of  the  Mer  de  Glace  is  observed 
lion  the  whole  to  be  much  more  fiercely  torn    than    the 
liVestem  side,  and  this  excessive  crevassing  has  been  re- 
red  to  the  smfter  motion  of  the   Glacier  du   Oiant.    It 
B  been  thought  that,  like  a  powerful  river,  this  glacier 
s  more  sluggish  neighbouiB  after  it,  and  thus  tears 
Item  m  the  manner  observed.     But  the  measurement  of 
ihe  foregoing  three  lines  shows  that  this  cannot  be  the  true 
cause  of  the  crevaasing.     lu  each  case  the  stakes  which 
moved  quickest  lat/  upmt  the  dirty  portion  of  the  trunk' 
,  far  to  t)ie  east  of  th»  line  of  junction  uf  the  Glacier 
1  Gi^ant,  which  in  fact  moved  slowest  of  all 
The  general  view  of  tlie  glacier,  and  of  tlie  sliape  of  the 
liVftlley  which  it  filled,  suggested  to  me  that  tlie  analogy 
"  1  a  river  might  perhaps  make  itself  good  beyond  the 
oils  hitherto  contemplated.    The  valley  was  not  Itraight, 
tut  sinuous.     At  the  Montanvert  the  convex  side  of  the 
icier  waa  turned  eastward  ;  at  some  distance  higher  up, 
■  the  paaaagies  c^ed  Let  Pmts,  it  was  turned  west- 
lirard ;  and   higher   up   agam  it  was   turned   once  more, 
r  ft  long  stretch,  eastwiuth    Thus  between  Tr^laporte  and 
^e  I'oiits  we  had  what  ia  called  a  point  of  contrary  Hex- 
),  and  between  tlie  Fonts  and  the  Montanvert  a  second 
uit  of  the  same  kind. 
Supposing  a  river,   instead  of  the   glacier,   to  sweep 
rough  this  valley ;  it»  point  of  maximum  motion  would 
t  always  remain  central,  but  would  deviate  towards  that 
aide  of  the  valley  to  which  the  river  turned  its  convex 
Ipundory,     Indeed  the  positions  of  towns  along  the  banks 
fa  navigable  river  are  mainly  determined  by  thiscircum- 


282  OONJEOTURE  BEGABDING  CHANGE  OF  FLEXUBE. 

stance.  They  are,  in  most  cases,  situate  on  the  conyex 
sides  of  the  bends,  where  the  rush  of  the  water  prevents 
silting  up.  Can  it  be  then  that  the  ice  exhibits  a  simi- 
lar deportment?  that  the  same  principle  which  regulates 
the  distribution  of  people  along  .the  banks  of  the  Thames 
is  also  acting  with  silent  energy  amid  the  glaciers  of  the 
Alps  ?  If  this  be  the  case,  the  position  of  the  point  of 
maximum  motion  ought,  of  course,  to  shift  with  the 
bending  of  the  glacier.  Opposite  the  Fonts,  for  example, 
the  point  ought  to  be  on  the  Glacier  du  66ant,  and  west- 
ward of  the  centre  of  the  trunk-stream  ;  while,  higher  up, 
we  ought  to  have  another  change  to  the  eastern  side,  in 
accordance  with  the  change  of  flexure. 

On  the  25th  of  July  a  line  was  set  out  across  the  glacier, 
one  of  its  fixed  termini  being  a  mark  upon  the  first  of  the 
three  Fonts.  The  motion  of  this  line,  measured  on  a  sub- 
quent  day,  and  reduced  to  its  daily  rate,  was  found  to 
be  as  follows : — 


Fourth  Link. — Daily  Motion. 


No.  of  stake 

• 

liichos. 

East  1 

moved 

Ci 

2 

8 

8 

12} 

4 

m 

5 

15} 

0 

isi 

7 

18f 

8 

18} 

9 

19} 

No.  of  stake, 

Lichcs. 

10 

moved 

21 

11 

20^ 

12 

23J 

13 

2^ 

14 

21 

15 

22J 

16 

17i 

17 

15  West 

This  line,  like  the  third,  was  set  out  and  numbered  from 
the  eastern  side  of  the  glacier,  the  theodolite  occupying  a 
position  on  the  heights  of  the  Echelets.  A  moment's 
inspection  of  the  table  reveals  a  fact  difierent  from  that 
observed  on  the  third  line  ;  there  the  most  easterly  stake 
moved  with  more  than  twice  the  velocity  of  the  most 
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westerly  one;  Acre,  on  tlio  contrary,  the  most  westerly 
Htake  niovog  with  more  than  twice  the  Telocity  of  the  most 
easterly  tme, 

Tu  eiiahlo  me  to  compare  the  motion  of  the  eaBteiii  and 
western  halves  of  thw  ghicier  with  greater  strictness,  my 
able  and  lalxirious  companion  undertook  the  task  of  mea* 
snring  with  a  surveyor's  chain  the  line  just  reft'rrcd  to ; 
noting  tlic  pickets  wliioh  had  been  fixed  along  the  line,  and 
the  otlier  remarkable  objects  which  it  inteisect^iL     The 

fficulty  of  thus  directing  a  chain  over  crevaases  and 
I  can  burdly  be  appreciated  except  by  thoso  who 
lave  tried  it.   Nevertheless,  the  ta*k  was  accomplislicd,  and 

9  widtli  of  the  Mer  de  Glace,  at  this  portion  of  its  course, 

a  found  to  be  8fi3  yards,  or  almost  exactly  half  a  mile. 

Refwririg  to  the  laat  table,  it  will  be  seen  tliat  the 
two  stakfd  numbered  12  and  13  moved  with  a  common 
velocity  of  2:^i  inchps  jier  day,  and  that  their  motion  is 
swifter  than  thiit  of  any  of  the  others.  Tho  point  of 
swiftest  motion  may  be  taken  midway  between  them,  and 
this  point  was  found  by  measurement  to  lie  233  yardsiwegf 
(tf  the  dirt  wliich  marked  the  junction  of  the  Glacier  du 

iant  with  its  follow  tributaries :  whereas,  in  the  former 
it  lay  a  considerable  distance  eatt  of  tliis  limit. 
Its  distance  from  the  eastern  side  of  the  glacier  was 
001  yards,  and  from  tlie  western  side  2(>2  yarda,  being 
I7D  yards  west  of  the  centre  of  the  glacier. 

But  the  measurements  enabled  me  to  take  tho  stakes  in 
,  and  to  compare  the  velocity  of  a  number  of  them 
Wluch  st^Kx)  at  certain  distances  from  the  enatern  side  of 

i  valley,  with  an  equal  number  which  stood  at  the  »ame 
}fiUm^»  from  the  western  side.  By  thus  arranping  the 
(rints  two  by  two,  I  was  able  to  compare  the  motion  of 
thy  entire  body  of  tiio  ice  at  the  one  aide  of  the  central 
line  with  that  of  tho  ice  at  the  other  side.  Stake  17 
stood  about  as  far  from  the  western  sido  of  the  glacier  as 
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stake  8  did  from  its  eastern  side ;  16  occupied  the  same 
relation  to  4  ;  15,  to  5 ;  13,  to  7 ;  and  12,  to  9. 

Calling  each  pair  of  points  which  thus  stand  at  equal 
distances  from  the  opposite  sides  corresponding  points,  the 
following  little  table  exhibits  their  comparatiye  motions  :— 

NUMBBBS    AND    VeLOGITIEB   OF    COBBEBPOKDING    PoiNTS   ON   THE 

FouBTH  Line. 

No.   VeL  Na    VeL  No.  Vel.  No.    Vel.  No.    Vel, 

West..  17    15  16    17i  15    22,  13    23}  12    28^ 

East  . .     3    12}  4    15i  5    151  7    18f  9    19^ 

The  table  explains  itself.  We  see  that  while  stake  17, 
which  stands  west  of  the  centre,  moves  15  inches,  stake  8, 
which  stands  an  equal  distance  east  of  the  centre,  moves 
only  12  J  inches.  Comparing  every  padr  of  the  other  points, 
we  find  the  same  to  hold  good ;  the  western  stake  moves 
in  each  case  faster  than  the  corresponding  eastern  one. 
Hence,  tfie  entire  western  half  of  the  Mer  de  Glace,  at  the 
place  crossed  by  our  fourth  line,  moves  more  quickly  than  the 
eastern  half  of  tJie  glacier. 

We  next  proceeded  farther  up,  and  tested  the  contrary 
curvature  of  the  glacier,  opposite  to  Trelaporte.  The 
station  chosen  for  this  purpose  was  on  a  grassy  platform 
of  the  promontory,  whence,  on  the  28th  of  July,  a  row  of 
stakes  was  fixed  at  right  angles  to  the  axis  of  the  glacier. 
Their  motions,  measured  on  the  31st,  gave  the  following 
results : — 


Fifth  Line.*- 

-Daily  Motion. 

No.  or  stake 

• 

Iiichrg. 

No.  of  stake 

• 

luches. 

W>:sT.  1 

moved 

Hi 

9 

moved 

19f 

2 

*i 

13i 

10 

*i 

19 

3 

»» 

m 

11 

*i 

19| 

4 

*i 

15 

12 

ft 

17i 

5 

It 

15i 

13 

tt 

16 

6 

tt 

16 

14 

tt 

1*1 

7 

»« 

17i 

15 

tt 

10  Kast. 

8 

ft 

19i 

*  The  detailB  of  the  measurement  of  the  fourth  and  fifth  llnea  ave 
pabliahed  in  the '  Philosophical  Transactions,*  vol.  czliz.  p.  261. 
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This  line  was  set  out  and  numbered  from  the  Tr^laporte 
aido  of  the  valley,  find  was  also  measured  by  Mr,  Hirst, 
orer  boulders,  ice-ridgee,  chasms,  audmoraineB.  The  entire 
pidth  of  tlio  glacier  here  was  found  to  be  893  yards,  or 
iDmewhat  wider  than  it  is  at  the  Pouts.  It  will  also  he 
served  that  its  motion  is  somewhat  slower. 
An  inspection  of  the  notes  of  this  line  showed  me  that 
takes  3  and  14,  4  and  12,  7  and  10,  were  "  correspond- 
![  points;"  tlie  first  of  ea^^h  jmir  standing  as  far  from  the 
fltem  side,  as  the  swond  stood  from  the  eastern.  In 
J  following  table  these  points  and  their  velocities  are 
(ranged  exactly  as  in  the  case  of  the  fourth  line. 

i  jIkd  Velocities  of  th»  Corbkbpondinc  Points  on 
THE  FuTH  Like. 


3   I2{ 

U     HI 


i     15  7     17t 

12     17}  10     19 


In  each  case  wo  find  that  the  stake  on4he  eastern  side 

loves  more  quickly  (ban  the  corresponding  one  upoij  the 

Ewestern  side  i  so  that  where  the  fifth  line  crosses  the  glacier 

mihe  eattem  half  of  th«  Mer  de  Glace  moves  more  ({uickly  than 

"'«  wetUrii  half.    This  is  the  reverse  of  the  result  obtained 

t  our  fourth  line,  but  it  agrees  with  that  obtained  on  our 

.  three  lines,   where  the  curvature  of  the  valley  is 

The    analogy   between  a   river   and   a   glacier 

ptooving  through  a  sinuous  valley  is  therefore  complete. 

Supposing  the  points  of  maximum  motion  to  be  deter- 
*lirined  for  a  great  number  of  lines  across  the  glacier,  the 
line  uniting  all  these  points  is  what  mathematicians  would 
cftU  the  locut  of  the  point  of  maximum  motion.  At  Trela- 
popte  this  line  would  lie  east  of  the  centre ;  at  tlie  Pouts 
it  would  lie  west  of  the  centre ;  hence,  in  passing  from 
Tri51aporte  to  the  Pouts,  it  muflt  cross  the  asis  of  the 
glacier.    Again,  at  the  Montanvert,  it  would  lie  east  of  the 


diflk 
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centre,  and  between  the  Fonts  and  the  Montanvert  the 
axis  of  the  glacier  would  be  crossed  a  second  time.  Sap- 
posing  the  dotted  line  in  Fig.  21  to  represent  the  middle 


Fig.  21. 

line  of  the  glacier,  then  the  defined  line  would  represent 
the  locus  of  the  point  of  maximum  motion.  It  is  a  curve 
mare  deeply  sintuyus  than  the  valley  itself,  and  it  crosses  the 
axis  of  the  glacier  at  each  point  of  contrary  flexure. 

To  complete  our  knowledge  of  the  motion  of  the  Mer 
de  Glace,  we  afterwards  determined  the  velocity  of  its  two 
accessible  tributaries  —  the  Glacier  du  Geant^  and  the 
Glacier  de  Lechaud.  On  the  29th  of  July,  a  liue  of  stakes 
was  set  out  across  the  former,  a  little  above  the  Tacul, 
and  their  motion  was  subsequently  foimd  to  be  as  follows : 

Sixth  Line. —Daily  Motion. 


No.  of  Btake 

• 

Inches. 

No.  of  stake 

Inch('». 

1 

moved 

11 

6 

moved      12} 

2 

»» 

10 

7 

lOi 

3 

»f 

12 

8 

10 

4 

»» 

13 

9 

9 

5 

«* 

12      1 

10 

5 

The  width  of  the  glacier  at  this  place  we  found  to  be  1134 
yards,  and  its  maximum  velocity,  as  shown  by  tlie  fore- 
going table,  13  inches  a  day. 

On  the  1st  of  August  a  line  was  set  out  across  the 
Glacier  de  Lechaud,  above  its  junction  with  the  Tal6fre : 
it  commenced  beneath  the  block  of  stone  known  as  the 
Pierre  de  B^ranger.  The  displacements  of  the  stakes, 
measured  upon  the  3rd  of  August,  gave  the  following 
results: — 


I 


SQUEEZING  AT  TBfiLAPOBTE. 
Skvebth  Like,— Daily  Motion, 


kc.  iDcbn 

moved        H 

Si 


81 


5| 


[ 


The  widtli  of  the  Glacier  de  L^chaud  at  this  place  was 
fouud  to  bo  825  yards ;  its  maximum  motion,  as  showti  by 
the  table,  being  Hi  inchee  a-day.  This  is  the  slowest  rate 
which  we  observed  apon  either  the  Mer  de  Glace  or  its 
tributaries.  The  width  of  the  Talifre-branch,  as  it  descends 
tho  cascade,  or,  in  other  words,  before  it  is  influenced  by 
tho  pressure  of  the  Lechaud,  was  found  approximately  ti) 
be  638  yards. 

The  widths  of  the  tributarieB  were  determined  for  the 
pnrpose  of  ascertaining  tlie  amount  of  lateral  comprea- 
aion  endured  by  tlie  ice  in  its  passage  tliroagh  the  neck 
of  tie   valley  at   Trelai>orte,     Adding  all   together   we 


1134  joida. 


Total     ..     ; 2597  jttrdf. 


These  three  branches,  as  shown  by  the  actual  measurement 
of  our  5th  line,  are  forced  at  Trelaporte  through  a  channel 
893  yards  wide ;  tlie  widtli  of  the  trunk  stream  is  n  little 
better  than  one-third  of  tliat  of  its  tribntai-ies,  and  it  passes 
through  this  gorge  at  a  velocity  of  nearly  20  inches  a-day. 
Limiting  our  view  to  one  of  the  tributaries  only,  the 
result  is  still  more  impressive.  Previous  tit  its  jtmcHon 
with  tlie  Tftlfcfre,  the  Glacier  de  Lechaud  stretches  befoRt 
'  e  observer  as  a  brood  river  of  ice,  measuring  825  yards 
Tr^aporte  it  ia  squeezed,  in  a  frozen  vice, 
lie  Tal6ire  on  one  side  and  the  G^ant  on  the 
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other,  to  a  driblet^  measurmg  85  yards  in  width,  or  aboat 
one-tenth  of  its  former  transverse  dimension.  It  will  of 
course  be  understood  that  it  is  the  form  and  not  the  volumt 
of  the  glacier  that  is  affected  to  this  enormous  extent 
by  the  pressure. 

Supposing  no  waste  took  place,  the  Glacier  de  L6chaud 
would  force  precisely  the  same  amount  of  ice  through  the 
'^  narrows  "  at  Tr^Iaporte,  in  one  day,  as  it  sends  past  the 
Pierre  de  B6ranger.  At  the  latter  place  its  velocity  is 
about  half  of  what  it  is  at  the  former,  but  its  width  is  more 
than  nine  times  as  great.  Hence,  if  no  waste  took  place, 
its  defih^  at  Tr^Iaporte,  would  be  at  haxt  4i  times  its  depth 
opposite  the  Pierre  de  Beranger.  Superficial  and  sub- 
glacial  melting  greatly  modify  this  result.  Still  I  think  it 
extremely  probable  that  observations  directed  to  this  end 
would  prove  the  comparative  shallowness  of  the  upper 
portions  of  the  Glacier  de  Lechaud. 


FIRST  ATTEMPT  AT  MEASURESIENT. 


ICE.WA1.L    AT    THE    TACUL. 


VELOCITIES  OF  TOP  AND  BOTTOM. 


28!l 


(11.) 


^^^  Kfi^rds  the  motion  of  tbe  surface  of  a  glacier,  two  la\\'N 
•re  to  be  bonie  in  niiud:  1st,  tliat  regarding  the  quicker 
movenwnt  of  the  eentre ;  2ud,  that  regarding  the  Iwmh 
of  the  jioint  of  inaxiiuiun  motion.  Our  next  care  must 
be  to  rompare  the  motion  of  the  surface  of  a  glacier 
with  the  motion  uf  those  jiarte  wliich  lie  near  its  bed. 
Rendu  first  surmispd  that  the  bottom  of  the  glacier  waK 
retarded  by  friction,  and  both  Profensor  Forbes  "  and  M. 
Slartiiist  liuvf  confirmed  the  conjecture.  Theirs  arc  the 
only  obscrvatioiifi  which  we  poseesH  upon  the  subject ;  iind 
I  was  particularly  desirous  to  iustniet  myself  upon  l\m 
impurtHut  head  by  measurements  of  my  own. 

During  the  summer  of  18.j7  the  eastern  side  of  thf 
ier  du  Geant,  near  tho  Tacul,  exposed  a  nearly  ver- 
i  precipice  of  ice,  measuring  14U  feet  from  top  to 
I  retjnestt'd  Mr.  Hirst  to  fix  two  stakes  in  tht- 
vertical  plane,  one  at  the  top  of  the  precipice 
1  one  near  the  bottom.  This  he  did  ujwn  the  3rd  of 
August,  and  on  the  5tb  I  accompanied  him  to  measun- 
the  progress  of  the  stakes.  On  the  summit  of  the  pre- 
cipii-e.  and  running  along  it,  was  the  lateral  moraine  of 
the  glacier.  The  day  was  warm  and  the  ice  liquefying 
rapidly,  so  that  the  boulders  and  di^bria,  deprived  inces- 
BUHtly  of  their  support,  came  in  frequent  leaps  and  rushes 
I  the  precipice.  Into  tliie  peril  my  pruide  was  nbout 
•  •  Editib.  I'hil.  Jouni..'  (k'l.  1M6.  p.  417. 
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to  enter,  to  measure  the  displacement  of  the  lower 
stake,  while  I  was  to  watch,  and  call  out  the  direction  in 
which  he  was  to  run  when  a  stone  gave  way.  But  I  soon 
found  that  the  initial  motion  was  no  sure  index  of  the  final 
motion.  By  striking  the  precipice,. the  stones  were  often 
deflected,  and  carried  wide  of  their  original  direction.  I 
therefore  stopped  the  man,  and  sent  him  to  the  summit  of 
the  precipice  to  remove  all  the  more  dangerous  blocks. 
This  accomplished,  he  descended,  and,  while  I  stood  beside 
him,  executed  the  required  measurement.  From  the  3xd 
to  the  5th  of  August  the  upper  stake  had  moved  twelve 
inches,  and  the  lower  one  six. 

Unfortunately  some  uncertainty  attached  itself  to  this 
result,  due  to  the  difficulty  of  fixing  the  lower  stake. 
The  guide's  attention  had  been  divided  between  his  work 
and  his  safety,  and  he  had  to  retreat  more  than  a  dozen 
times  from  tlie  falling  boulders  and  debris.  I,  on  the  other 
hand,  was  unwilling  to  accept  an  observation  of  such  im- 
portance with  a  shade  of  doubt  attached  to  it.  Hence  arose 
the  desire  to  measure  the  motion  myself.  On  the  11th  of 
August  I  therefore  reascended  to  the  Tacid,  and  fixed  a 
stake  at  the  top  of  the  precipice,  and  smother  at  the 
bottom.  While  sitting  on  the  old  moraine  looking  at  the 
two  pickets,  the  importance  of  determining  the  motion 
of  a  point  midway  between  tlie  top  and  bottom  fortsibly 
occurred  to  me,  but,  on  mentioning  it  to  my  guide,  he 
promptly  pronounced  any  attempt  of  the  kind  absurd. 

On  scanning  the  place  carefully,  however,  the  value  of 
the  observation  appeared  to  me  to  outweigh  the  amount  of 
danger.  I  therefore  took  my  axe,  placed  a  stake  and  an 
auger  against  my  breast,  buttoned  my  coat  upon  them, 
and  cut  an  oblique  staircase  up  the  wall  of  ice,  until  I 
reached  a  height  of  forty  feet  from  the  bottom.  Here  the 
position  of  the  stake  being  determined  by  Mr.  Hirst,  who 
was  at  the  theodolite,  I  pierced  the  ice  with  the  auger. 
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Rire  in  the  stnke,  and  descended  without  injury.  DtU'ing 
i  whole  operation  however  my  guide  gi-owled  audibly. 
On  the  following  morning  we  commenced  the  ascent  of 
Mont  Blanc,  a  uarrativo  of  which  is  given  in  Part  I, 
We  calculated  on  an  absence  of  three  days,  and  estimated 
that  the  Htftkes  which  had  just  been  fixed  would  be  ready 
for  meaaiironipnt  on  our  retnm ;  but  we  did  not  reach 
Chamouni  until  the  aft^Tnrwn  of  Friday,  the  Htli.  Hea^7■ 
clouds  settled,  during  our  descent,  upon  the  eummits  be- 
hind us,  and  a  thunder-peal  from  the  Aig^uilles  soon 
heralded  a  fall  of  rain,  which  continued  without  inter- 
mission till  the  aft<-mi>c)n  of  the  16th,  when  the  atmo- 
sphere cleared,  and  Hhowod  the  mountains  clothed  to  their 
girdles  with  snow.  The  Moutanvert  was  thickly  covered, 
and  OB  our  way  to  it  we  met  the  servants  iu  charge  of 
the  cattle,  which  had  been  driven  below  the  snow-line  to 
obtain  food. 

On  Monday  morning,  the  17th,  a  dense  ft^  filled  the 
valley  of  the  Mer  de  trlace.    I  watched  it  anxiously.   The 
stakes  which  we  had  set  at  the   Tacul   had  been  often 
^— ^  my  thoughts,  and  I  wished  to  make  some  eSbrt   to 
^^wra    the    labour    and    peril   incurred    in   setting   them 
^■BBtn  being  lost.     I  therefore  set  out,  in  one  of  the  clear 
^^fatervals,  accompanied  liy  my  friend  and  8imond,  deter- 
mined to  measure  the  motion  of  the  stakes,  if  possible, 
or  to  fix  them  more  firmly,  if  they  stQl  stood.     As  we 
?     passed,  however,   from  I'Aiigle  to   the   glacier,   the   fog 
became  bo  denso  and  blinding  that  we  lialted.     At  my  re- 
quest Mr,  Hirst  returned  to  the  Montanvert;  and  Simond, 
leaving  the  theodolite  in  the  shelter  of  a  rock,  a'.'cora- 
puuicd  rue  through  the  obscurity  to  the  TncuL    We  found 
the  topmost  stake  still  stuck  by  its  point  in  the  ice ;  but 
tho  two  others  had  disappeared,  and  we  afterwards  dis- 
covered their  fragments  in  a  snow-buttress,  which  reared 
itself  ii){iuii8t  the  base  of  ih»  \f^f>iw    i£^)r  bul'bwtt. 
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hit  by  the  falling  stones,  and  crushed  to  pieces.  Haying 
thus  learned  the  worst,  we  descended  to  the  Montanvert 
amid  drenching  rain. 

On  the  morning  of  the  18th  there  was  no  doud  to 
be  seen  anywhere,  and  the  simlight  glistened  brightly  on 
the  surfjBMje  of  the  ice.  We  ascended  to  the  TacuL  The 
spontaneous  falling  of  the  stones  appeared  more  frequent 
this  morning  than  I  had  ever  seen  it.  The  sun  shone 
with  unmitigated  power  upon  the  ice,  producing  copious 
liquefaction.  The  rustle  of  falling  debris  was  incessant, 
and  at  frequent  intervals  the  boulders  leaped  down  the 
precipice,  and  rattled  with  startling  energy  amid  the  rocks 
at  its  base.  I  sent  Simond  to  the  top  to  remove  the  looser 
stones ;  he  soon  appeared,  and  urged  the  moraine-shingle 
in  showers  down  the  precipice,  upon  a  bevelled  slope  of 
which  some  blocks  long  continued  to  rest.  They  were 
out  of  the  reach  of  the  guide's  baton,  and  he  sought  to 
dislodge  them  by  sending  other  stones  down  upon  them. 
Some  of  them  soon  gave  way,  drawing  a  train  of  smaller 
shingle  after  them  ;  others  required  to  be  hit  many  times 
before  they  yielded,  and  others  refused  to  be  dislodged 
at  alL  I  then  cut  ray  way  up  the  precipice  in  the  manner 
already  described,  fixed  the  stake,  and  descended  as 
speedily  as  possible.  We  afterwards  fixed  the  bottom 
stake,  and  on  the  20th  the  displacements  of  all  three  were 
mciisured.*  The  spaces  passed  over  by  the  respective 
stakes  in  24  hours  were  found  to  be  as  follows : — 

Inches. 

TopBtake GOO 

Mid(Uo  stake     4*50 

Bottom  stake     2*56 

The  height  of  the  prcjcipice  was  140*8  feet,  but  it  sloped 
'  off   at  its   upper    portioiu    The   height  of  the   middle 

•  *  On  tliis  latter  occasion  jny  guide  volunteered  to  cut  the  steps  for  mo 

up  to  the  pickets ;  and  I  permitted  liim  to  do  so.    In  lact,  he  was  at  last  as 
anxious  as  myself  to  see  the  mcosnrement  carried  out 
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stake  above  the  ground  was  35  feet,  and  of  the  bottom 
one  4  feet.  It  is  therefore  proved  by  these  measurements 
that  the  bottom  of  the  ice-wall  at  the  Tacul  moves  with 
less  than  half  the  velocity  of  the  top ;  while  the  displace- 
ment of  the  intermediate  stake  shews  how  the  velocity 
gradually  increases  from  the  bottom  upwards. 
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HALF  OF  SUMMER  MOTIOX. 


WINTER  MOTION  OP  THE  MER  DE  GLACE. 

(12.) 

The  winter  measurementfi  were  executed  in  the  manner 
already  described,  on  the  28th  and  29th  of  December, 
1859.  The  theodolite  was  placed  on  the  mountain's 
side  flanking  the  glacier,  and  a  well-defined  object  was 
chosen  at  the  opposite  side  of  the  valley,  so  that  a 
straight  line  between  this  object  and  the  theodolite  was 
approximately  perpendicular  to  the  axis  of  the  glacier. 
Fixing  the  telescope  in  the  first  instance  with  its  cross  hairs 
upon  the  object,  its  end  was  lowered  until  it  struck  the 
point  upon  the  glacier  at  which  a  stake  was  to  be  fixed. 
Thanks  to  tlio  intelhgence  of  my  assistants,  after  the  fixing 
of  the  first  stake  they  speedily  took  up  the  line  at  all 
other  points,  requiring  very  little  correction  to  make  their 
positions  perfectly  accurate.  On  the  day  following  that 
on  which  the  stakes  were  driven  in,  the  theodolite  was 
placed  in  the  same  position,  and  the  distances  to  which  tide 
stakes  had  moved  from  their  original  positions  were  accu- 
rately determined.  As  already  stated,  the  first  line  crossed 
the  glacier  about  80  yards  above  the  Jloiitauvert  Hotel. 
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— Winter  Motion  in 
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The  maximum  here  is  fifteen  and  three-quarters  inches ; 
the  maximum  summer  motion  of  the  same  portion  of  the 
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ilacier  ih  about  thirty  inches.  These  measurements  also 
ihow  thiit  in  winter,  as  welt  as  in  summer,  the  side  of  the 
r  opposite  to  the  Montanvert  moves  quicker  than 
lat  adjacent  to  it.  The  xtake  which  moved  with  the  max- 
nom  velocity  was  beyond  the  moraine  of  I^  Koire.  The 
»nd  line  crossed  the  glacier  about  130  yards  below  the 
Hontanvcrt. 

I  LtsH  No,  II. — WiKTBR  Motion  is  Twbmtt-Poub  Houbb. 


HI 


^Hpii 


The  maximum  here  is  an  inch  and  tliree-quartere  greater 

thaa  that  of  lino  No.  1.    The  summer  maximum  at  this 

portion  of  the  glacier  also  exceeds  that  of  the  [tart  inter- 

fleeted  by  line  No.  I.     The  surface  of  the  g-lacier  between 

both  lines  is  in  a  state  of  tension  which  relieves  itself  by  a 

atem  of  transverse   fissures,  and  thus   permits  of  the 

icJter  advance  of  tlie  forward  portion. 

My  desire,  in  making  these  measurements,  was,  in  the 

it  place,  to  raise  the  winter  observations  of  the  motion  to 

the  same  degree  of  accuracy  ns  that  already  enjoyed  by 

the  summer  onos.     Augusto  Bnlinat  liad  already  made  a 

aries  of  winter  obacrvatiuns  on  the  Mer  do  (ilace ;  but 

Siey  wero  made  in  the  way  employed  before  the  iutro- 

ictioQ   of  the  theodolite  by  Agussiz  and   Forbes,   and 

1  the  unavoidable  rougliness  of  such  a  mode  of  meu- 

ment.     They  moreover  gave  us  no  information  ns  to 

i  motion  of  the  different  parts  of  the  glaeJer  along  the 

me  transverse  line,    and  this,   for  reasons   which  will 

■^^ipt'ar  subsequently,  was  the  point  of  chief  interest  to  me. 
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CAUSE  OF  GLACIEE-MOTION. 

DE  SAUSSUEE'S  THEORY. 

(  13- ) 

Perhaps  the  first  attempt  at  formiug  a  glader-theory  is 
that  of  Seheuehzer  m  1705.  He  supposed  the  motion  to 
be  caused  by  the  conversion  of  tirater  into  ice  within  ibe 
glacier ;  the  known  and  almost  irresistible  expansion  which 
takes  place  on  freezing,  furnishing  the  force  which  pushed 
the  glacier  downward  This  idea  was  illustrated  and  deve- 
loped with  so  much  skill  by  M.  do  Charpentier,  that  his 
name  has  been  associated  with  it;  and  it  is  commonly 
known  as  the  Theory  of  Charpentier,  or  the  Dilatation- 
Theory.  M.  Agassiz  supported  this  theory  for  a  time,  but 
his  own  thermometric  experiments  show  us  that  the  body 
of  the  glacier  is  at  a  temperature  of  32°  Falir. ;  that  conse- 
quently there  is  no  interior  magazine  of  cold  to  freeze  the 
water  with  which  the  glacier  is  supposed  to  be  incessantly 
saturated.  So  tliat  these  experiments  alone,  if  no  other 
grounds  existed,  would  prove  the  insufficiency  of  the  theory 
of  dilatation.  I  may  however  add,  that  the  arguments  most 
frequently  urged  against  this  theory  deal  with  an  assump- 
tion, which  I  do  not  think  its  author  ever  intended  to 
make. 

Another  early  surmise  was  that  of  Altmann  and  Griiner 
(17(i0),  both  of  whom  conjectured  that  the  glacier  slid 
along  its  bed.  This  theory  received  distinct  expression 
troxa  De  Saussure  in  1799  ;  and  has  since  been  associated 
with  the  name  of  that  great  alpine  traveller,  being  usually 
called  the  '  Theory  of  Saussure,'  and  sometimes  Uie  '  Slid- 
ing Theory.'    It  is  briefly  stated  in  these  words : — 
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"  Almost  every  glacier  reposes  upon  an  Inclined  bed. 

those   of  Miy  eonsidemWe  size  have  beneath   tliem, 

1  in  winter,  currents  of  water  which  flow  Ijetween  the 

3  and  the  bed  which  mipports  it.     It  may  therefore  be 

lunderstood  that  tltcse  frozen  masses,  drawn  down  the  Riopu 

■on  which  they  repose,  disengaged  by  the  water  from  all 

tdhesion   to  the  bottom,  aometiraes  even  raised  by   thia 

brater,  must  glide  by  little  and  little,  and  descend,  foUow- 

[  tho  inclinations  of  the  ralleys,  or  of  the  slopes  which 

ley  cover.     It  is  this  alow  but  continual  sliding  of  the 

!  on   its  inclined  base  which  carries  it  into  the  lower 

Fitalleys."* 

De  Saufisnre  devoteit  but  little  time  to  the  enbject  of 

glacier-motion ;   and  the  Fihsence  of  completeness  in  the 

tstement  of  hia  views,  arising  no  doubt  from  this  cause, 

H  given  subsequent  writers  occasion  to  affix  what  I  cannot 

elp  thinking  a  strained  iutijr[)retation  to  tlie  sliding  theory. 

St  is  alleged  tliat  he  regarded  a  glacier  as  i\  perfectly  rigid 

nly ;  that  ho  considered  it  to  be  "  a  mass  of  ice  of  (onall 

lepth,  and  considerable  but  uniform  breadth,  sliding  down 

I  uniform  valley,  or  pouring  from  a  narrow  valley  into  a 

irider  one."t     The  introduction  "of  the  smallest  flexi- 

ility  or  plasticity "  is  moreover  emphntioally  deiiii>d  to 

him.  I 

It  is  by  no  means  probable  that  the  great  author  of  the 
•Voyages'  would  have  subscribed  to  this  "rigid"  annota- 
tion. His  theory,  be  it  remembered,  is  to  some  extent 
tnt^:  the  glacier  moves  over  ite  bed  in  the  manner  snp- 
pooed,  and  the  rocks  of  Britain  bear  to  this  day  the  traces 
of  these  mighty  sliders.  De  Sanssure  probably  contented 
himself  with  a  general  statement  of  what  he  believed  to 


*  '  Va;>g«iii,'  i  SSQ, 
t  Porbuis  •  Occ.  Pap.,'  p,  ion. 
1  "  I  itdbcri^  tn   tint  iliilinllliin  u  excluding  t 
aiUHlLintl  llptiliitiiir  or  pltHtiFity.'*    "(tec.  P»p.,'  p. ! 
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be  the  substantial  cause  of  the  motion.    He  visited  the  i 
Jardin,  and  saw  the  tributaries  of  the  Mer  de  Glace  turning  I 
round  comers,  welding  themselves  together,  and   after- 
wards moving  through  a  sinuous  trunk-valley;  and  it  is  1 
scarcely  credible  that  in  the  presence  of  such  facts  he 
would  have  denied  all  flexibility  to  the  glacier. 

The  statement  that  he  regarded  a  glacier  to  be  a  masB 
of  ice  of  uniform  width,  is  moreover  plainly  inconsistent 
with  the  following  description  of  the  glacier  of  Mont  Dolent : 
— "  Its  most  elevated  plateau  is  a  great  circus,  surrounded 
by  high  cliffs  of  granite,  of  pyramidal  forms ;  thence  the 
glacier  descends  through  a  gorge,  in  which  it  is  narrowed ; 
but  after  having  passed  the  gorge,  it  enlarges  agaiUy 
spreading  out  like  a  fan.  Thus  it  has  on  the  whole  the 
form  of  a  sheaf  tied  in  the  middle  and  dilated  at  its  two 
extremities."  * 

Curiously  enough  this  very  glacier,  and  these  very 
words,  are  selected  by  M.  Rendu  as  illustrative  of  the 
plasticity  of  glaciers.  "  Nothing,"  he  says,  "  shows  better 
the  extent  to  which  a  glacier  moulds  itself  to  its  locality 
than  the  form  of  the  glacier  of  Mont  Dolent  in  tlie  Valley 
of  Ferret ;"  and  he  adds,  in  connexion  with  the  same 
passage,  these  remarkable  words  : — "  There  is  a  multitude 
of  facts  which  would  seem  to  necessitate  the  belief  that 
the  substance  of  glaciers  enjoys  a  kind  of  ductility  which 
permits  it  to  mould  itself  to  the  locality  which  it  occupies, 
to  grow  thin,  to  swell,  and  to  narrow  itself  like  a  soft 
paste."  t 

♦  •  Voyages,'  tome  ii.  p.  290. 

t  In  coDDexion  with  this  brief  sketch  of  the  *  Sliding  Theory/  it  ought 
to  be  stated,  that  Mr.  Hopkins  has  proved  experimentally,  that  ice  may 
descend  an  incline  at  a  sensibly  uniform  rate,  and  that  the  velocity  is 
augmented  by  increasing  the  weight  lu  this  remarkable  experiment  the 
motion  wajs  due  to  the  slow  disintegration  of  the  lower  surface  of  the  ice. 
See  'Phil.  Mag.,'  1845,  vol.  26. 
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piE  Rendu,  £i»hop  of  Annecy,  to  whose  writinga  I  have 
just  referred,  died  last  autimin.  He  was  a  man  of  great 
repute  in  liis  dioeeee,  oud  we  owe  to  him  one  of  the  most 
remarkable  casayg  upon  (^lactere  that  have  ever  appeared. 
His  knowledge  was  cxtensire,  his  reasouing  close  and 
accurate,  and  liis  faculty  of  observation  extraordinary. 
Ifitb  these  were  associated  that  intuitive  power,  that 
Kntiment  concerning  things  as  yet  untouched  by  ex- 
ment,  which  belong  only  to  the  higlier  class  of  minds, 

roughout  hifi  essay  a  constant  effort  after  quantitative 
accuracy  reveab  itflelf.  He  collects  observations,  makes 
experiments,  uud  trios  to  obtain  numerical  rE?sults ;  always 
taking  care,  however,  so  to  state  bis  premises  and  qualify 
his  conclusions  that  noboily  shall  L>e  led  to  ascribe  to  his 
numbers  a  greater  accuracy  than  they  merit.  It  is  im- 
possible to  read  his  work,  and  not  feel  that  he  was  a  man 
of  essentially  truthful  mind,  and  that  science  missed  on 
umsLnioiit  when  bo  was  appropriated  by  the  Church. 

The  essay  above  referred  to  is  printwi  in  the  tenth 
rolutne  of  the  Memoirs  of  the  Royal  Academy  of  Sciences 
of  Savoy,  published  in  1S41,  and  is  entitled.  '  Tlik'rk  de» 
Olaciert  de  la  Savoie,  par  M.  U  ChanoiiU!  Rmidui  VlwvnUtT 
du  M^rite  Vioil  et  Heeretaire  perp^uel,'  Tht,*  iiajtcr  had 
lieen  written  for  nearly  two  yuars,  and  might  have  re- 
ined unpriated,  had  not  another  publication  on  the 
B  subject  culled  it  forth. 

K  will  place  a  lew  of  the  lending  points  of  this  remark- 
able pRiduction  before  thw  reader;  commencuig  with  a 
goniTuli/iition  wiiioh  is  highly  suggestive  of  the  character 


^^Uieaurl 
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He  reflects  on  the  accmnnlatioii  of  the  mountainHsnows, 
each  year  adding  fifty-eight  inches  of  ice  to  a  glacier. 
This  would  make  Mont  Blanc  four  hundred  feet  higher  in 
a  century,  and  four  thousand  feet  higher  in  a  thousand 
years.  "  It  is  evident,"  he  says,  "  that  nothing  like  this 
occurs  in  nature."  The  escape  of  the  ice  then  leads  him 
to  make  some  general  remarks  on  what  he  calls  the  '^  law 
of  circulation."  "  The  conserving  will  of  the  Creator  has 
employed  for  the  permanence  of  His  work  the  great  law 
of  dreuiation,  which,  strictly  examined,  is  found  to  repro- 
duce itself  in  all  parts  of  nature.  The  waters  circulate 
from  the  ocean  to  the  air,  from  the  air  to  the  earth, 
and  from  the  earth  to  the  ocean.  .  .  .  The  elements  of 
organic  substances  circulate,  passing  from  the  solid  to 
the  liquid  or  aeriform  condition,  and  thence  again  to 
the  state  of  soliditv  or  of  or":auisation.  That  universal 
agent  which  we  designate  by  the  names  of  fire,  light, 
electricity,  and  magnetism,  has  probably  also  a  circular 
tion  as  wide  as  the  universe."  The  italics  here  are 
Eendu's  own.  This  was  published  in  1841,  but  written, 
we  are  informed,  nearly  two  years  before.  In  1842 
Mr.  Grove  >vrote  thus : — "  Light,  heat,  magnetism,  motion, 
and  chemical  aflinity,  are  all  convertible  material  affec- 
tions." More  recently  Holmholtz,  speaking  of  the  "  cir- 
cuit "  formed  by  "  heat,  light,  electricity,  magnetism,  and 
chemical  aflSnity,"  writes  thus  : — "  Starting  from  each  of 
these  different  manifestations  of  natural  forces,  we  can 
set  every  other  in  action."  I  (juote  these  passages  be- 
cause diey  refer  to  the  same  agents  as  those  named  by 
M.  Kendu,  and  to  which  he  ascribes  "  circulation,^^  Can  it 
be  doubted  that  this  Savoyard  priest  had  a  premonition 
of  the  Conservation  of  Force  ?  I  do  not  want  to  lav  more 
stress  than  it  deserves  upon  a  conjecture  of  this  kind  ;  but  its 
harmony  with  an  essay  remarkable  for  its  originality  gives 
it  a  significalice  which,  if  isolated,  it  might  not  possess. 
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ffith  regard  to  the  glaciers.  Keiidu  commences  by  dividing 

3  into  two  kiuds,  or  nitlier  tlie  self-same  glm'ier  into 

)  parts,  one  of  which  he  culls  the  "glacier  remsrvoir" 

■  the  "giaekr  d'icouUrr^^>U,"—tvm  t^rtns  highly 

tive   of  the  physical  reltttionsliip  of  the  n^ue  aiid 

'  proper.      He  feeds  tlie  reservoira  from  tliree 

I,  the  principal  one  of  which  is  the  snow,  to  whicli 

:  the  raiu,  and  the  vajKiurs  whicli  are  condensed 

e  heights  without  passing  ijito  the  state  of  either 

snow.     The  converdoii  of  the  snow  into  ice  he 

^>oses  to  be  effected  by  four  different  CJiuses,  the  most 

icions  of  wliich  is  prcamre.'    It  is  needless  to  remark 

(  quit«  agrees  with  the  views  now  generaUy  enter- 

pago  00  of  the  volume  referred  to  tliere  is  a  passage 

1  shows  that  the  ''veined  Btructnre"  of  the  glacier 

t  not  esimjied  him,  though  it  would  seem  that  he  ns- 

i  it  to  stratification.     "When,"  he  writes,  "we  per- 

e  1  he  profile  of  a  glacier  on  the  walls  of  a  crevasse,  we 

e  different  layers  distinct  in  colour,  but  more  ]mrticularly 

ome   seem  to  have  tlie   hardness,  as  they 

1  the  greeiush  colour,  of  glafs;   othera  preserve  the 

teness  and  porosity  of  the  snow."     There  is  also  a  very 

I  resemblance  between  his  views  of  the  influence  of 

me  and  cohesion"  and  those  of  IVaf,  Forbus,    "  We  may  ^  -^ 

l».'hidi!,"  he  in-itea,  "that  time,  favouring  the  action  of    .^ 

',  and  the  pressure  of  the  layers  one  upon  the  other, 

the  little  ciystak  of  which  snow  is  conij)oae<l  to 

ich  each  other,  bring  them  into  contact,  and  con- 

,  them  into  ieB."t     Itegelation  also  appears  to  Iiave 

icted  his  notice.  {     "  When  we  till  an  ice-house,"  he 

"  WB  break   tliu  ice   into  very  small   fnigments ; 

vards  we  wot  it  with  water  8  or  Ul  degrees  above  zero 

it.)  iu  tumjioraturv ;  but>  notwithstanding  this,  the  whole 

•  Mi-inuir,'  p.  77.  t  P.  75. 
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is  converted  into  a  compact  mass  of  ice."  He  moreovfl 
maintains,  in  almost  the  same  laugiiage  as  Prof.  Forbna, 
the  opinion,  that  ice  ]ias  always  an  inner  temperatm 
lower  than  zero  (Cent).  He  believed  this  to  be  a  proper! 
"inherent  to  ice."  "Never,"  he  says,  "can  a  calorifl 
ray  pass  the  first  surface  of  ice  to  raise  tlie  temporataie  Q 
the  interior."  t 

He  notices  the  direction  of  the  glacier  as  tnQnenci 
the  wasting  of  it«  ridgee  by  the  sun's  heat ;  ascribing  to  1 
the  effect  to  which  I  haye  referred  in  explaining  the  way« 
like  forms  upon  the  surface  of  the  Her  do  Glace.  Hi 
explanation  of  the  Moulina,  too,  though  insufficient,  asdgi 
a  true  cause,  and  ia  an  excellent  specimen  of  physicl 
reasoning. 

With  regard  to  the  diminution  of  the  glaciem  ri'gervoira 
or,  in  other  words,  to  tlio  manner  in  which  tlio  ico  dis 
appears,  notwithstanding  the  continual  additions  mat 
to  it,  wo  have  the  following  remarkable  ]>assage : — "  1 
seeking  the  cause  of  the  diminuUou  of  glaciers,  it  b 
occurred  to  my  mind  that  the  ice,  uotwithstaudiug  itx  har^ 
nesH  and  its  rigidity,  can  only  support  a  given  prosstu 
without  breaking  or  being  squeezeil  out  According  to  tiu 
supposition,  whenever  the  pressure  exceeds  that  force,  ther 
will  be  rupture  of  the  ice,  and  a  flow  iu  consequence.  Le 
us  take,  at  the  summit  of  Mont  Blanc,  a  column  of  lo 
reposing  on  a  horizontal  base.  The  ice  which  forme  tb 
iiret  layer  of  that  column  is  compressed  by  tlie  weight  i 
all  the  layers  at>ove  it;  but  if  tlie  solidity  of  the  said  fin 
layer  can  only  support  a  weight  equal  to  lOO,  when  th 
weight  exceeds  tJiis  amount  there  will  be  rupture  am 
spreading  out  of  the  ice  of  Uie  base.  Now,  something  ver 
similar  occurs  in  the  immense  cnist  of  ice  which  coven  tbi 
gnmmits  of  Mont  Blanc,  This  mist  appears  to  augment  4 
the  upper  surface  and  to  diminish  by  the  aides.  To  aesap 
■  ■  PliiloMiplilnil  Miiptilni','  1H5EI.  t  'Hnmntr,' p.09. 
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ielf  that  the  movement  is  due  to  the  force  of  pressure, 
rould  be  nacesaorj'  to  make  a  series  of  experiments  upon 
I  solidity  of  iw,  sucii  as  have  not  yet  been  attempted."  * 
lay  remark  that  swell  experiments  sufaetantially  verify 
pRendu's  notion. 
lut  it  is  his  ohservatioos  and  roaitouing  npon  tlio  gladert 
rulement  that  chiefly  interest  ns.  The  passages  in 
\  writings  where  lie  insist*  n|K>n  thi-  power  of  the 
s  to  mould  themselves  to  their  hx-alities.  and  com- 
pares them  to  a  mil  i>aste,  to  lava  at  once  ductile  and 
liquid,  are  weU  known  from  the  friqiient  and  flattering 
rences  of  Professor  Forbes ;  bnt  there  are  otliers  of 
leh  greater  importance,  which  have  hitherto  remained 
:nown  in  this  ronntry.  Regarding  the  motion  of  the 
r  de  Glace.  Itendu  writes  as  follows : — 
(*!  sought  to  appreciate  the  quantity  of  its  motion;  but 
tonld  only  collect  rather  vague  data.  I  questioned  my 
^ides  regarding  the  position  of  an  onormons  rock  at  the 
edge  of  the  glacier,  but  still  upon  the  ice,  and  conse- 
qnently  [lartakitig  of  its   motion.      The   guides   showed 

I  the  place  where  it  stood  the  preceduig  year,  and 
Sre  il  had  stood  two,  three,  four,  and  five  yeare  pre- 
Uttly ;  they  showed  nje  the  place  where  it  would  be 
nd  in  a  year,  in  two  years,  &c, ;  to  certain  are  they 
the  regularity  of  the  motion.  Their  reports,  however, 
not  always  agree  precisely  with  each  other,  and  their 
tndicatious  of  time  and  distance  lack  the  precision  without 
which  we  procecil  oliscurely  in  the  physical  sciences.  In 
iduciug  these  different  indicatioui«  to  a  mean,  1  found 
■  total  advance  of  the  glut^ier  to  bo  about  40  feet 
^ar.  During  my  lust  journey  I  obtained  more  certain 
"  ,  whicJi  I  Iinve  sttited  in  the  preceding  chapter.  Ths 
differavee  between  both  re»ult8  ariseafrom  the  fact 
\  tha  IcUttsr  ob»eraati»n»  were  made  at  tfte  centre  f^  the 
'  I'lige  m. 


304  THE  SIDB8  OF  THE  QLACIEB  BETABDED. 

glacier  J  which   moves  mobe  bapidly,   whik  the  former 
were  made  at  the  eide,  where  the  ice  is  betained  by  the 

PBICTION  AGAINST  ITS  BOCKY  WALLS."  * 

An  opinion,  founded  on  a  grave  misapprehension  which 
Bendu  enables  us  to  correct,  is  now  prevalent  in  this 
country,  not  only  among  the  general  public,  but  also 
among  those  of  the  first  rank  in  science.  The  nature  of 
the  mistake  will  be  immediately  apparent  At  page  128  of 
the  *  Travels  in  the  Alps '  its  distinguished  author  gives  a 
sketch  of  the  state  of  our  knowledge  of  glacier-motion  pre- 
vious to  the  commencement  of  his  inquiries.  He  cites 
Ebel,  Hugi,  Agassiz,  Bakewell,  De  la  Beche,  Shirwell, 
Bendu,  and  places  them  in  open  contradiction  to  each 
other.  Bendu,  he  says,  gives  the  motion  of  the  Mer  de 
Glace  to  be  "  242  feet  per  annum ;  442  feet  per  annum ;  a 
a  foot  a  day ;  400  feet  per  annum,  and  40  feet  per  annum, 
or  one-tenth  of  the  last !"....  and  he  adds,  "  I  was  not 
therefore  wrong  in  supjwsing  that  the  actual  progress  of  a 
glacier  was  yet  a  new  problem  when  I  commenced  ray  ob- 
servations on  the  Mer  de  Glace  in  1842."  t 

In  the  'North  British  Beview'  for  August,  1859,  a 
writer  equally  celebrated  for  the  brilliancy  of  his  dis- 
coveries and  the  vigour  of  his  pen,  collected  the  data 
furnished  by  the  above  paragraph  into  a  table,  which  he 
introduced  to  his  readers  in  the  following  words : — "  It  is 
to  Professor  Forbes  alone  that  we  owe  the  first  and  most 
correct  researches  respecting  the  motion  of  glaciers ;  and 
in  proof  of  this,  we  have  only  to  give  the  following  list  of 
observations  which  had  been  previously  made. 

•  Page  95. 

t  At  page  38  of  the  *  Travels '  the  following  passnge  also  occurs : — "  I 
belioTO  that  I  may  safely  afKrm  that  not  one  observation  of  the  rate  of 
motion  of  a  glacier,  either  on  the  average  or  at  any  particular  season  of 
the  year,  existed  when  I  commenced  my  experiments  in  1842." 


LISCKKPANCIES  ESPLAISED. 


Ebel     ChDmauni       14  ^t 

Ebi-1     Orindalwmld 25   „ 

Huei Abt 210   „ 

AsuMX        Air 200   ., 

BUcewoll     MxrdeOlBce..      ..      ,.  540    „ 

DclaB«che       ..      ..  MordeOlace 600    „ 

Hbirwell       MetdeGlace 300    „ 

H.  Reudn MerdeGkce 305    ., 

Suusaurc's  I^uldur     .  •  Mer  de  Glooo  ■ .  ' .  ■  37S    „ 

LSnch  wa^  tlie  state  of  our  knowledge  when  Professor 
B  undertook  the  inveetigation  of  the  aiibjeot" 
.  persuaded  that  the  writer  of  tliis  article  will  be 
i  first  to  applaud  any  attempt  to  remove  au  error  which, 
r&nced  on  his  great  authority,  must  neceasarUy  tie 
l^ely  disseminated.  The  numbers  in  the  above  table 
uinly  differ  widely,  and  it  is  perhaps  naturul  to  eou- 
e  that  such  discordant  results  can  be  of  no  value ;  but 
t  fact  really  is  that  everj/  one  of  titem  mai/  be  perfectlt/ 
This  fat-t,  though  overlooke<l  by  Professor  Forbes, 
)  clearly  seen  by  Rendu,  who  pointed  out  with  perfect 
mctness  the  sources  from  which  the  discreppnciea  were 
lived. 

•It  is  easy,"  he  says,  "to  comprehend  that  it  is  impos- 
B  to  obtain  a  general  measure,- — that  there  ought  to  be 
one  for  each  particular  glacier.  The  natiye  of  the  slope, 
the  number  of  changes  to  which  it  is  subjected,  the  dejrth 
Bf  the  ice,  the  width  of  the  couloir,  the  form  of  its  sides,  and 
diousand  other  circumstances,  must'  produce  variations 
!  Telocity  of  the  glacier,  and  these  circumstuiioes 
mot  be  everywhere  absolutely  the  same.  Huih  nioi-e,  it 
t  easy  to  obtain  this  velocity  for  a  siiigle  glaeier,  and 
In  those  portions  where  the  inclination 
teep,  the  layer  of  ice  is  thin,  and  its  velocity  is  great ; 
e  where  the  slope  is  almoiil  nothing,  the  glnder  aavlh 
i  aecamulatfs ;  the  mass  in  motion  being  double,  triple, 
i]  iDotioQ  is  only  the  half,  tlio  third,  &c. 


I 
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"  But  this  is  not  all,"  adds  M,  Rendu :  "  Betwem  th«  i 
de  Qiace  and  a  riner,  there  i»  a  reitembl<mce  so  complete  th 
it  M  ivipomhle  to  find  in  the  latter  a  circumstance  which  d 
rwt  exist  in  the  former.  In  currents  of  water  the  motion, 
not  uniform,  neither  tJiroiighout  their  width  uor  tlirougha 
their  depth ;  the  friction  of  the  bottom,  thtU  cf  the  ntft 
the  action  of  obstawlee,  cause  the  motion  to  vaiy,  and  on 
toward*  the  middle  of  the  surface  is  this  entire  ...."" 

In  1845  Profeflsor  Forbes  appears  to  have  come  to  tl 
same  conclusion  as  M,  Rendu ;  for  after  it  had  been  prorc 
that  the  centre  of  the  Aar  glacier  moved  quickex  than  tb 
side  in  the  ratio  of  fourteen  to  one,  he  accepted  the  r 
in  these  words : — "  The  movement  of  the  cenlro  of  the  glq 
cier  is  to  that  of  a  point  five  metres  from  the  edge 
FOURTEEN  to  ONE:  8uch  is  the  effect  of  plasticity  !"t 
deed,  if  the  differences  exliibited  in  the  table  were  a  prof 
of  error,  the  obeervationa  of  Professor  Forbes  himself  woul 
fare  very  ill.  The  measurements  of  glacier-motion  rand 
with  his  own  hands  vary  from  less  than  42  feet  a  year  t 
848  feet  a  yeat,  the  minimum  being  lees  than  one-tu>entiet 
of  the  maximum ;  and  if  we  include  the  observations  n 
by  Balmat,  the  fidelity  of  which  has  lieen  certified  bt 
Professor  Forbes,  the  minimum  b  only  one-lhirty-ixveTUAi 
the  maximum. 

There  is  another  point  connected  with  Rendu'e  theoz; 
which  needs  clearing  up : — "  The  idea,"  writes  the  em' 
reviewer,  "  that  a  glacier  is  a  semifluid  body  is  no  doob 
startling,  especially  to  those  who  have  seen  tlie  apparently 
rigid  ice  of  which  it  is  composed.  M.  Itendu  bimEtot 
shrank  irom  the  idea,  and  did  not  scruple  to  say  th^ 
'  the  rigidity  of  a  mass  of  ice  was  in  <iirect  oppositioii  H 
it ;'  and  we  think  that  Professor  Forbes  himself  mmit  havt 
Ktood  aghast  when  his  fancy  first  u«suciAt«d  Uio  notiou  d 
imperfect  fluidity  with  thu  solid  or  even  tht-  filwurud  ioo  a 
•  ■  TliArk',' |K  IW.  t  "Ouc.  l'*p,"ii.  7*. 
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■ 

^^Ke  glacier,  and  when  lie  saw  in  his  mind's  eiye  tUe  glaciers 

^^■f  tho  .\lp8  tlowing  like  a  river  along  their  nigged  bed. 

^^*4  truth  like  this  was  above  the  comprehension  and  beyond 

the  sympathy  of  the  age ;  and  it  required  a  moral  power  of 

no  common  intensity  to  submit  it  to  the  ordeal  of  a  shallow 

philosophy,  and  the  sneers  of  a  presumptuous  criticism." 

These  are  strong  words ;  but  the  fact  is   that,  eo   far 
from  "  shrinking "  from  the  idea,  Rondu  affirmed,  with  a 
and   an   emphasis   which    have    not   been   ex- 
sded  since,   that  all  the   phenomena   of  a   river  were 
fcproduced  upon  the  Mer  de  Rlace ;  its  deeps,  it«  shal- 
Tows.  ita  wideuings,  its  narrowings,   its  rapids,  its  phices 
of  slow  motion,  and  the  quicker  flow  of  its  centre  thaa 
of  its  sides.     He  did  not  shrinlv  from  accepting  a  differ- 
s  between  the  central  and  lateral  motion  amounting  to 
Ftitio  of  ten  to  one — a  ratio  so  large  that  Professor  Forbes 
I  one   time  regarded  the   acceptance  of  it  as  a  simple 
iity.     In  this  he  was  perhaps  justified ;  for  his  own 
t  observations,  which,  however  valuable,  were  hasly  and 
nmplete,  gave  him  a  maximum  ratio  of  about  one  and  a 
half  to  one,  while  the  ratio  in  some  cases  was  nearly  one 
of  eqtialitif.    The   observations  of  Aga§eiz   however  sliow 
that    the    ratio,  instead  of  being    ten  to   one,    may   be 
hily  to  one ;  for  the  lateral  ice  may  bo  bo  held  back  by 
I  obstacle  that  in  the  course  of  a  year  it  ahidl  make 
b  sensible  advance  at  all. 

iTVom  one  thing  only  did  M.  Rendu  shrink  ;  and  it  is  the 
ing  regarding  which  we  iiro  still  dlMUnited,  Jle  shrank 
1  stating  the  physical  quality  of  the  ice  in  virtue  of 
(lich  a  glacier  moved  like  a  river,  fle  demands  experi- 
inta  upon  snsw  and  ice  to  elucidate  tliis  subject.  The 
y  observations  which  Professor  Forbes  regards  as  proofi 
e  those  of  wliich  we  require  the  physical  explanation.  It 
Inot  the  viscous  flow,  if  you  please  to  call  it  such,  of 
!  glacier   as   a  whole   that   here   concerns   us ;   liu.t  "S. 


THE  ICE  AND  THE  GLACIEK. 

I  the  quality  of  the  ice  in  virtue  of  which  this  kind 
I  of  motion  is  accomplished.  Professor  Forbes  seea  this  dif- 
1  ference  clearly  enough :  lie  speaks  of  "  fissured  ice  "  beiog 
"flexible"  in  hand  specimens;  he  compares  tJie  glact^ 
I  to  a  mixture  of  ice  and  sand  ;  and  finally,  in  a  more  ma- 
1  tared  paper,  falls  back  for  an  explanation  upon  the  obssr- 
I  Nations  of  AgBssiz  regarding  the  capillaries  of  the  glacier." 


(15.) 

The  measurements  of  Agassiz  and  Forbes  completely 
verify  the  anticipations  of  Rendu ;  but  no  writer  with 
whom  I  am  acquainted  has  added  anything  essential  to 
the  Bishop's  statements  an  to  the  identity  of  glacier  and 
liquid  motion.  He  laid  down  the  conditions  of  the  pro- 
blem with  perfec-t  clearness,  and,  as  regards  the  dietribu- 
tion   of  merit,  the  point   to  be   decided   is   the  relative 

I  importance  of  his  idea,  and  of  the  measarements  which 

1  *ere  subsequently  made. 

The  observations  on  which  Professor  Forbes  based  the 
analogy  between  a  glacier  and  a  river  are  the  following : — 
In  1842  he  fixed  four  marks  upon  the  Mer  de  Glace  a  little 
below  the  Montanvert,  the  first  of  which  was  100  yaids 

I  distant  from  the  side  of  the  glacier,  while  the  last  was  at 

'  In  nil  llmt  boa  boon  written  itpon  gWicn  in  tliis  coiuilrf  tbn  obov^ 
HngM  from  tliu  wrilint^  uf  Rendu  an.'  niKiiKitvit ;  And  tiihiij  who  mlllKted 
7  iFUiuly  in  tlw  dixMiauutia  of  tiii>  subjL-trt  vtmc,  until  quite  nccnlly, 
it  of  their  esiitence.     I  wui  long  in  tliia  cxioditliin  mj^clC  to  X 
it  mpjHiai.'d  thai  pwea^wi  mliluL  hum  no  tliractl]'  «]>»□  h  puillt  M  muoh 
kdiwUBKii  nod  (if  Rucli  cardinal  import  could  liaro  bcun  □vc-rluokodt  or 
t>  tusk  nt  cnlling  btlcatinn  to  Uiom  nlmnld  dKT»lvii  iiixni  mjMlf 
V  iKiu'ly  tWDulj  jean  altet  tlieir  pulilluitloii,   Nuw  lliat  tlit-y  nn-  iliMHivvrod, 
1  lUiucitiTo  nil  lUfTeKnco  til  upiiuon  ciui  csUt  as  to  llii'  jitajirivlT  of  pIuciliR 
ir  truu  poaltton. 


can  I 
of  th( 

^Kd  in 
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;  centre  "  or  a  little  beyond  it,"     The  relative  velocity 
f  these  four  points  was  found  to  lie 

l-OUO         1-3^2         l-35t5         l-3(i7. 

first  observations  were  made  upon  two  of  these  pointa, 
others  being  subsequently  addeil.  Professor  Forbes 
also  tictermined  the  velocity  of  two  points  on  the  Glacier 
du  Oeant,  and  found  the  .ratio  of  motion,  in  the  first 
itnuce.  to  be  as  14  to  32,  Subsequent  measurements, 
fever,  showed  the  ratio  to  be  as  14  to  18,  the  latter 
ion  belonging  to  the  stAtion  nearest  to  the  centre  of 
glacier.  These  are  the  only  meosuremente  which  I 
can  find  in  his  large  work  that  estitbUsh  the  swifter  motion 
of  the  centre  of  the  glacier ;  and  in  these  cases  the  velocity 
the  centre  is  compared  with  that  of  one  gidc  only.  In 
instance  that  I  am  aware  of,  either  in  1S42  or  subse- 
it  years,  did  Professor  Forbes  extend  his  measure- 
■ents  quite  across  a  glacier ;  and  as  regards  completeneae 
in  tliis  n>s|)e('t,  no  observafions  hitherto  made  can  at  all 
compare  with  tliose  ext^cuted  at  the  instance  of  Agasatz 
upon  the  glacier  of  the  Aar, 

111  1S44  Professor  Forbes  made  a  series  of  interesting 
experiments  on  a  portion  of  the  Mer  de  Glace  near 
U.ngle.  He  divided  a  lenfrth  of  90  feet  into  45  equal 
and  fixed  pins  at  the  end  of  each.  Hie  theodolite 
placed  upon  the  ice,  and  in  seventeen  days  be  found 
it  the  ice  90  feet  nearer  the  centre  tlian  the  tlieodolite 
moved  26  inches  past  the  latter.  These  measurements 
■e  undertaken  for  a  special  object,  and  completely 
iwered  tlie  end  for  which  they  were  intended. 
In  184t)  Professor  Forbes  made  another  imjwrtant 
ration.  Fixing  three  stakes  at  the  heights  of  8.  54. 
143  feet  above  the  l>ed  of  the  glaeier,  ho  found  that 
five  days  they  moved  respectively  '1-H7.  4'18,  and 
16  feet.     Tbe  stake  nearest  the  bed  moved  most  slowly. 


re 
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ihiis  showing   that  the  ice  is  retarded  by  friction. 
result  was  subsuquently  verified  by  tho  meaaiirementa  of 
M.  Martins,  and  by  my  own. 

If  we  add  to  the  above   an  observation  made  during 

short  visit  to  the  Aletsch  glacier  in  1S44,  which 
ihowed  ita  lateral  retardation,  I  believe  we  have  beforo  aff 
the  whole  of  the  meaanreuienta  executed  by  Profesaori 
Forbes,  which  show  the  analogy  between  the  motion  of  a 
glacier  and  that  of  a  viscous  body. 

Illustrative  of  the  same  point,  we  have  the  elaborate 
extensive  aeries  of  meaBuremouta  executed  by  M.  WMj 
under  the  direction  of  M.  Agasaiz  upon  the  glacier  of  Um- 
Aar  in  1842, 1843, 1844,  and  1 845,  which  exhibit  on  a  grand 
scale,  and  in  the  most  conclusive  manner,  tite  chantctar 
of  the  motion  of  this  glacier ;  and  also  show,  on  dose 
examination,  an  analogy  with  fluid  motion  which  neither 
M.  Agassiz  nor  Professor  Forbes  suspected.  The  form«ar 
philosopher  publishes  a  section  in  his  '  Systime  Glaciaire,* 
entitled  '  Migrations  of  the  Centre ; '  in  which  he  showB 
that  the  middle  of  the  glacier  is  not  always  the  point  of 
swiftest  motion.  The  detection  of  this  fact  demonstrates 
the  attention  devoted  by  M.  Agoseiz  to  the  diBCUssiou  of  his 
observations,  but  he  gives  no  clue  to  the  cauae  of  tbe 
Tariation.  On  inspecting  the  shape  of  the  valley  throngb 
which  the  Aar  glacier  moves,  I  find  that  these  "  migm- 
tions"  follow  the  law  established  in  1857  upon  the  Mer  de 
Glace,  and  enunciated  at  page  28(i. 

To  sum  up  this  part  of  the  question : — Tho  itfea  of  semi- 
fluid motion  belongs  entirely  to  Rendu ;  the  prv«f  of  the  ' 
quicker  central  flow  belongs  in  part  to  Kendu.  but  olmoat ' 
wholly  to  Agassiz  and  Forbes ;  the  proof  of  the  retardation 
of  tho  bed  belonps  i*t  Forbes  alone ;  while  the  discorery 
'  Uip  locus  of  the  jioint  of  maximum  motion  belongs,  I 
[■use,  to  me. 


i 
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foriiifil  statement  of  this  theory  is  given  in  tlie  follow- 
ing wrtrtls : — "  A  glacier  is  an  imperfect  fluid,  or  viscous 
body,  which  is  urged  down  alopes  of  a  certain  inclination 
by  the  mutnal  pressure  of  its  parts."  The  consistency  of 
the  glftc-ier  is  ilhiatrated  by  reference  to  treacle,  honey, 
and  tar,  and  the  tiieory  thus  enunciated  and  exemplified  is 
called  the  '  Viscous  Theory." 

It  has  been  the  subject  of  much  discussion,  and  great 
difference*  of  opinion  arc  still  entertained  regarding  it. 
Able  and  sincere  men  take  opposite  sides ;  and  the  extra- 
ordinary number  of  Reviews  which  have  appeared  upon  the 
subject  during  the  last  two  years  show  the  interest  which 
the  intellectnal  public  of  England  take  in  the  question. 
The  chief  diflereuces  of  opinion  turn  npon  the  inquiry  as 
to  what  Professor  Forbes  really  meant  when  he  propounded 
the  viscous  theory ;  some  aftirm  one  tiling,  some  another, 
and,  singularly  enough,  these  differences  continue,  though 
the  autlior  of  the  theory  has  at  various  times  published 
ex{M)sitiouR  of  his  views. 

The  differences  referred  to  arise  from  the  circumstances 
that  a  suUicient  distinction  has  not  been  obaened  between 
fadi  and  prrndpU*.  and  that  the  viscous  theory  has  assumed 
various  fumis  since  its  Rrst  promulgation.  It  has  been 
stated  to  me  that  the  theory  of  Professor  Forbes  is  "  the 
cou^ries  of  facts"  which  he  has  discovered.  But  it  is 
quite  evident  that  no  recognition,  however  ample,  of  these 
fACfta  would  be  altogether  satisfactory  to  Profossor  Forbes 
himself.   lie  claims  recognition  of  his  theory*  and  no  writer 

*  "Mr.  Hofkiiu."  vrjtn  PrurMaor  ForlieB.  'Iiub  ttuiio  inc  tUv  liQniiiir, 
jptiw  mcaiiuin  befuru  ulludL-d  tu,  to  mi^ttmi  with  ufiprubutioii  ci;  olitcrra 
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witli  whom  T  niii  acquainted  makes  such  frequent  nse  < 
the  term.  What  then  wm  the  viscous  theory  mean  api 
from  the  facts?  I  interpret  it  as  furnishing  the  princi|J 
from  which  the  facts  follow  as  physical  eonsequencee — th| 
the  glacier  moves  as  a  river  because  the  tM  is  viacoue. 
this  sense  only  can  Professor  Forbes's  views  be  called' 
theory :  in  any  other,  his  experiments  are  mere  iUustratioi 
of  thtt  facta  of  glacier  motion,  which  do  not  carry  us  a  hai{ 
breadth  towards  tlieir  physical  cause. 

What  then  is  the  meaning  of  viscosity  or  viscidity?  i 
have  beard  it  defined  by  men  of  high  culture  a«  "  glm 
tenacity ;"  and  such  tenacity  they  once  supposed  a  glacier  t 
possess.  If  we  dip  a  spoon  into  treacle,  honey,  or  tar,  we  o 
draw  the  substance  out  into  Elaments,  and  the  same  may  fa 
done  with  melted  caoutchouc  or  lava.  All  tliese  eubstanec 
are  viecouB,  and  all  of  them  have  been  chosen  to  illnrt 
the  physical  property  in  Hrtue  of  which  a  glacier  mora 
Viscosity  then  consists  in  the  power  of  being  drawn  i 
when  subjected  to  a  force  of  tension,  the  substance,  afK 
stretching,  being  in  a  state  of  molecular  equilibrium,  or,  i 
other  words,  devoid  of  that  elasticity  which  would  restore  : 
to  its  original  form.  This  certainly  was  the  idea  attaclie 
to  Professor  Forbea's  words  by  some  of  his  most  strenuoi 
supporters,  and  also  by  eminent  men  who  have  nevi 
taken  part  in  any  controversy  on  the  subject.  Mr.  Darvi] 
for  example,  speaks  of  felspathic  rocks  being  "  stretched 
while  flowing  slowly  onwards  in  a  pasty  condition,  in  pr 
cisely  the  same  manner  as  Professor  Forbes  believes  til 
the  ice  of  moving  glaciers  la  stretched  and  fissured ;  ai 
Professor  Forbes  himself  quotes  tliese  words  of  Mr.  Dami 
as  illustrative  of  his  theory," 

tioiw  •iiii  cijietim»nt5  iin  the  subjoct  uf  glacJcra.    Hp  Iuu  liwii 
spuring  either  in  jiniiM  <ir  oriliciiau  of  Uic  Dieorj'  wliioh  1  liaTu  (en 
upnn  tlicm.    End  Btr.  Hopkim,"  &c.— £i^U  £sl(«r ;  '  Occ.  tVpsn^'  p. 
•  •  Occ.  Papow,'  p.  Ifi. 
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The  question  now  before  ns  la, — Does  a  glacier  exliilit 
that  power  of  yielding  to  a  force  irf  tension  which  would 

,title  its  ice  to  be  reganlcil  ns  a  ^isnous  substance  ? 
IVith  a  Tiew  to  the  solution  of  this  question  Mr.  Hirst 
.  for  me   the  inclinations  of  the  Mer  de  Glaee  and 

('  its  tributaries  in  1S57 ;  the  efl'ect  of  a  change  of  incli- 
nation Ix'ing  always  noted.  1  will  select  Irom  those  mea- 
surements a  few  which  bear  more  specially  upon  the 
subjet^t  now  under  consideration,  commencing  with  the 
Qlacier  des  Hois,  down  which  the  ice  moves  in  that  state 
of  wild  dislocation  already  described.  The  inclisation  of 
the  glacier  above  this  cascade  is  5°  lU',  ami  that  of  the 
cascade  itself  is  22°  20',  the  change  of  inclination  being 
therefore  17='  lU'. 

II  Fig.  22  I  have  protracted  the  inclination  of  the  cascade 
of  Uie  glacier  above  it;  the  line  A  B  representing  the 
or  and  B  C  tlio  latter.  Now  a  stream  of  molten  lava, 
of  treaiilo,  or  tar,  would,  in  virtue  of  its  viscosity,  be  al 
tp  How  over  the  brow  at  B  without  breaking  across 
this  is  not  the  case  with  the  glacier ;  it  is  so  smashed  and 
riven  in  crossing  this  brow,  that,  to  use  the  words  of  Pro- 
fessor Forbes  himself,  "  it  pours  into  the  valley  beneath  in 
a  cascade  of  icy  fragments." 

But  this  reasoning  will  appear  mnch  stronger  when  we 
revert  to  other  slopes  upon  the  Mer  de  Glace.  For  ex- 
ample, its  inclination  above  I'Anglo  is  4°,  and  it  afterwards 
deecends  a  slope  of  ii°  25',  the  change  of  inclination  being 
If  wa  protract  these  inclinations  to  scale,  we  have 


iva,  T 
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mOUNATIONS  OF  THE  MER  DE  GLACE. 


the  line  A  B,  Fig.  23,  representing  the  steeper  slope,  and 
B  C  that  of  the  glacier  above  it    One  would  surely  think 


Fig.  23. 

that  a  viscous  body  could  cross  the  brow  B  without  trans- 
verse  fracture,  but  this  the  glacier  cannot  do,  and  Professor 
Forbes  himself  pronounces  this  portion  of  the  Mer  de 
Glace  impassable.  Indeed  it  was  the  profound  crevasses 
here  formed  which  placed  me  in  a  difficulty  already 
referred  to.  Higher  up  again,  the  glacier  is  broken 
on  passing  from  a  slope  of  3°  10'  to  one  of  5°.  Such 
observations  show  how  differently  constituted  a  glacier  is 
from  a  stream  of  lava  in  a  "  pasty  condition,"  or  of  treacle, 
honey,  tar,  or  melted  caoutchouc,  to  all  which  it  has  been 
compared.  In  the  next  section  I  shall  endeavour  to 
explain  the  origin  of  the  crevasses,  and  shall  afterwards 
make  a  few  additional  remarks  on  the  alleged  viscosity  of 
ice. 


JlVING  made  ourselves  afqiiamted  with  tlie   motion  of 
tlie  glacier,  we   are  prepared   to  examine   those   rents, 
ilssores,   ebosms,  or,    us    tliey  are   most  usually   called, 
^-Orevatse«,  by  which  all  glaciers  are  more  or  less  intersected. 
^■Biey  result   from    the    motion    of  the   glacier,  and  the 
Hkvs  of  their  fommtiou  are  deduced  immediately  from 
^■^Bose  of  the  motion.     The  crevasses  are  sometimes  very 
deep  and  unmerous,  and  apparently  without  law  or  order 
in  their  distribution.     They  cut  the  ice  into  long  ridges, 
and  break  thcBe  ridges  transversely  into  prisms ;  these 
prismn   gradually   waste   away,   afisnming,   according    to 
the  aecidL'uts  of  their  melting,  the  most  fantastic  forms, 
I  have  seen  them  like  the  mutilated  statuary  of  an  ancient 
temple,  like  the  t^escent  moon,  like  huge  birds  with  out- 
stretched wings,  like  the  claws  of  lobsters,  and  like  antic-red 
deer.     Sueh  fantastic  sculpture  is  often  to  be  found  on 
the  ice  cascades,  where  the  riven  glneier  has  ])ile<l  vast 
blocks  on  vaster  pedestals,  and  presented   them  to   the 
J  action  of  sun  and  air.     In  Fig.  24  I  have  given 
^l&etdi  of  a  masa  of  ice  of  this  character,  which  stood 
1 1850  on  the  dislocated  slope  of  the  Glacier  des  Bois. 

It  is  nsual  fur  visitors  to  the  Moutanvert  to  descend  to 
the  glacier,  and  to  be  led  by  their  guides  to  the  edges  of 
the  crevasses,  where,  being  firmly  held,  they  look  down  into 
them ;  but  those  who  have  only  made  their  aequaintauee 
in  this  way  know  but  little  of  their  magnitude  and  beauty 
in  the  mure  disturbed  portions  of  glaciers.  As  might  bo 
expeott'd,  they  have  been  the  gmves  of  many  a  moun- 
taineer ;  and  the  flkeletoTw  found  njion  tlie  glacier  prove 
l&t  even  the  chamois  itself,  with  its  elastic  muscles  and 
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FASTASTIC  ICE-SU88ES. 


I  admirable  B«rene«3  of  foot,  is  not  always  rafo  among  t 
ci'C'iTisseB,     Tliey  are  grandest  in  the  higher  ice-regi 


whi>re  the  snow  hangs  like  a  L-oping  over  their  edges,  t 
the  water  trickling  from  these  into  the  gloom  fonns  splendid 
icicles.  The  Gbmer  Clliicier,  as  we  ascend  it  towards  tl 
old  Weiasthor,  presents  many  fine  examples  of  micli  i 
vaases ;  the  ice  being  often  torn  in  a  most  curioos  and  { 
irregular  manner.  You  enter  a  porch,  pillared  by  icicle^v 
and  look  into  a  cavern  in  the  very  body  of  tho  glw 
encumbered  with  rast.  frozen  bosHos  which  are  fringed  all'}l 
round  by  dependent  icicles.  At  the  peril  of  your  life  featij 
slipping,  or  from  the  j-ielding  of  the  stalactites,  yon  i 
enter  theae  cuvonis,  and  find  yourself  steeped  in  the  1 
illumination  of  the  pWe,  Their  beauty  is  beyond  dosciip^'l 
tiou;  but  you  cannot  deliver  yourself  up,  hoart  and  soul,  fa 
its  enjoyment  l'herei»<aHtmngenesHBlxmtthi-]ilai-(.'wludi  '' 
n-pels  you.  and  not  without  iuixicty  do  you  look  ftura  your  1 


BIRTH  OF  A  CREVASSE. 
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leclge  into  the  darkness  below,  through  which  the  sound  of 
subglacial  water  Bometimes  rises  like  the  tolling  of  die* 
tant  bells.  Ton  feel  that,  however  the  eold  splendoiira 
of  the  plftce  raiyht  snit  a  piuely  spiritual  essence,  they 
are  not  cnugenial  to  Hoeh  and  blood,  and  you  gladly 
tpe  from  its  magniSceuce  to  the  sunshine  of  the  world 


R 


From  their  numWrs  it  miglit  bo  inferred  that  the 
formation  of  erevasw^s  is  a  thing  of  frequent  ocuurreuce 
and  easy  to  obHervo ;  but  in  reality  it  is  very  rarely  ob- 
served. Himond  was  a  man  of  considerable  experience  upon 
the  ioe,  but  the  first  crevasse  he  ever  saw  formed  was  during 
the  setting  out  of  one  of  our  lines,  when  a  narrow  rent 
opened  beneath  his  feet,  and  jiru[Nigated  itself  thi-ough  tho 
ice  with  loud  cracking  for  a  distance  iif  .^Oor  60  yards.  Cre- 
vasses always  commence  in  tlds  way  as  mere  narrow  cracks, 
iWhich  open  very  slowly  afterwards.  I  will  hero  describe 
only  case  of  crevasae-fonuing  which  has  come  under 
direct  observation. 

On  the  31st  of  July,  1857,  Mr.  Kirst  and  myself,  liaving 
compleU'd  our  day's  work,  wore  standing  togetlit-r  u{>on 
the  Glacier  da  (ieant,  when  a  loud  dull  soiuid,  like  that 
produced  by  a  heavy  blow,  seemed  to  issue  from  the  body 
of  the  ice  underneath  the  spot  on  which  we  stood.  This 
was  succeeded  by  a  series  of  sharp  reports,  which  were 
htjard  wjmctimes  above  us,  sometimes  below  ns,  sometimes 
apparently  close  under  our  feet,  the  intervals  between  the 
louder  reports  lieing  tilled  by  a  low  singing  unise.  We 
turaod  hither  and  thither  as  the  direction  f>f  the  sounds 
varied ;  for  the  glacier  was  evidently  breaking  t)eneath 
our  feet,  tliough  we  could  discern  no  trace  of  ruptnre. 
For  an  hour  the  sounds  continued  without  (nir  being  able 
to  discover  their  source  ;  this  at  length  revealed  itsi.-li' 
by  ti  rush  of  uir-bubblos  from  one  of  ihe  little  jhjoIs  u(fon 
surface  of  the    glucier,   which   wiis   VYv\vits*^i-_\.t4.  \vs 
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the  newly-formed  crevasse.  We  then  traced  it  for  some 
distance  up  and  down,  but  hardly  at  any  place  was  it 
sufficiently  wide  to  permit  the  blade  of  my  penknife 
to  enter  it.  M.  Agassiz  has  given  an  animated  descrip* 
tion  of  the  terror  of  his  guides  upon  a  similar  occasion, 
and  there  was  an  element  of  awe  in  our  own  feelings 
as  we  heard  the  evening  stillness  of  the  glacier  thus 
disturbed. 

With  regard  to  the  mechanical  origin  of  the  crevasses 
the  most  vague  and  untenable  notions  had  been  entertained 
until  Mr.  Hopkins  published  his  extremely  valuable 
papers.  To  him,  indeed,  we  are  almost  wholly  indebted 
for  our  present  knowledge  of  the  subject,  my  own  experi- 
ments upon  this  portion  of  the  glacier-question  being  for 
the  most  part  illustrations  of  the  truth  of  his  reasoning. 
To  understand  the  fissures  in  their  more  complex  aspects 
it  is  necessary  that  we  should  commence  with  their 
elements.  I  shall  deal  vnih.  the  question  in  my  own 
way,  adhering,  however,  to  the  mechanical  principles  upon 
which  Mr.  Hopkins  has  based  his  exposition. 


B 


i  X 

j^ -i: „ 


Fig.  25. 

Let  A  B,  c  D,  be  the  bounding  sides  of  a  glacier  moving 
in  the  direction  of  the  arrow  ;  let  m,  n  be  two  points  upon 
the  ice,  one,  m,  close  to  the  retarding  side  of  the  valley, 
and  the  other,  n,  at  some  distance  from  it.  After  a 
certain  time,  the  point  m  will  have  moved  downwards  to 
m\  but  in  consequence  of  the  swifter  movement  of  the 
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parts  at  a  distance  from  the  sides,  n  will  hare  moved  in 
the  same  time  to  n'.  Thus  the  line  m  n,  instead  of  being 
at  right  angles  to  the  glacier,  takes  up  the  oblique  position 
m  n' ;  but  to  reach  from  m'  in  n'  the  line  m  n  would 
have  t»  strctcli  itiself  considerably  ;  every  other  line  that 
B  can  draw  ti]K)n  the  ieo  jiamllal  to  m'  n'  is  in  a  similar 
e  of  tension  ;  or,  in  otlier  words,  tho  sides  of  the  glacier 
I  acted  upon  by  an  oblique  pull  towards  the  centre. 
,  Mr.  Hopkins  has  shown  that  the  direction  in  which 
liu  oblique  pull  is  strongest  encloses  an  angle  of  45°  with 
I  side  of  the  glacier. 

lat  is  the  consequence  of  this?    Let  a  b,  c  d,  fig.  2*i, 


resent,  as  before,  the  sides  of  the  glacier,  moving 
the  direction  of  the  arrow;  let  the  sluuling  lines 
enclose  an  angle  of  45"  with  the  sides.  Along  these  lines 
the  marginal  ice  sufl'era  the  greatest  strain,  and,  conse- 
intly  aerosg  these  lines  and  at  right  angles  to  them,  the 
i  tenib  to  break  and  to  form  marginal  creva»te».  The 
op.o  p,  mark  the  direction  of  these  crevasses ;  they 
I  at  right  angles  to  the  line  of  greatest  strain,  nnd 
1  also  enclose  an  angle  of  45"  with  the  side  of  the 
ley,  heing  obliquely  pointed  upwards. 
This  latter  result  is  noteworthy;  it  follows  from  tl»e 
mechanical  data  that  the  swifter  motion  of  the  centre 
twU  to  produco  marginal  crevasses  which  are  inclined 
iide  of  the  glacier  towards  its  soxnce,  wA  ws*- 
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towards  its  lower  extremity.  But  wheu  we  look  dow 
upou  a  glacier  thiia  crevaased,  the  first  iinpreaBioQ  i 
the  eidee  have  been  dragged  down,  and  hare  left 
central  portions  behind  tliem;  indeed,  it  wna  this  vi 
appearance  that  led  M,  de  Chnrpentier  and  M,  Agassi 
into  the  error  of  supposing  tliat  the  sicWs  uf  a  glack 
moved  more  quickly  than  its  middle  portions  ;  and  it  v 
also  tlie  delusive  aspect  of  the  crevasses  wliich  led  I 
feasor  Forbes  to  infer  the  slower  motion  of  the  t 
side  of  the  Mer  de  Glace. 

TIic  retardation  of  the  ice  is  most  evident  near 
sides;  in  most  cases,  the  ice  for  a  considerable  distimo 
right  and  left  of  the  central  Hue  moves  with  a  senaibl; 
imiforra  velocity;  there  is  no  dragging  of  the  particla 
asunder  by  a  difference  of  motion,  and,  consequently, 
compact  centre  is  perfectly  compatible  with  fiBBOiei 
sides.  Nothing  is  more  common  than  to  see  a  glaciot 
with  its  sides  deeply  cut,  and  its  central  [rortiona  t 
pact ;  this,  indeed,  ia  al^-uys  \\iv  case  where  the  glacie 
moves  domi  a  bed  of  uniform  inclination. 

But  BupiKising  tbut  the  bed  is  not  unifonn — that  t 
valley  through  wliic.h  the  glacier  moves  change§  iXa  moU 
nation  abruptly,  so  as  to  compel  the  ice  to  pass  over  i 
brow ;  the  ghicier  is  then  circumstsmeed  like  a  atld 
wliich  we  try  to  break  by  holding  its  two  ends  and  pre 
it  against  the  knee.  The  brow,  wlieru  the  bed  chaoge 
I  its  inclination,  represents  the  kneo  in  the  case  of  ti 
I  Btick,  while  the  weight  of  the  glacier  itaelf  is  the  An 
that  t«ndi)  to  break  it,  It  breaks;  and  SBSures  a 
formed  across  the  glacier,  which  are  hence  called  tm 


No  ghw-ier  with  which  I  nm  acquainted  illustrates  thi 
I  mecluuiioil  laws  just  develoiwd  more  clt'arly  and  foUi 
[  than  tbe  L<jwer  glacier  of  tiriudelwald.    Proceeding  aIi 

!  onlinary  track  beside  the  glacier,  at  iibout  an  hour' 
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1100  from  thi;  village  the  tmyeller  rcaclKS  a  point 
PC  &  view  uf  the  gliKiier  is  obtained  from  the 
it«  above  it.  Tlie  maxginal  fiBsiu-es  are  very  cleanly 
cut,  and  point  nearly  in  the  direction  already  indicated ; 
the  glacier  also  changes  its  inclination  several  times 
a;  the  distance  within  the  observer's  view.  On  crossing 
I  brow  the  giticier  is  biokon  lu^ross,  and  a  aeries  of 
UTeise  crevasses  is  fomiod,  which  follow  each  other 
the  slope.  At  tlie  bottom  of  the  sloj^  tension 
)  place  to  pressure,  the  walls  of  the  crt?vaases  are 
jezed  together,  and  the  chftsms  closed  up.  They 
lain  cloaed  along  th«  comi>aratively  level  apace  which 
tches  between  the  base  of  one  slope  and  the  brow  of 
^next ;  but  here  the  glacier  is  again  transversely  broken, 
I  contionea  «>  until  the  base  of  the  second  slojie  is 
led,  whoro  longitudinal  pressure  instead  of  lougitu- 
atraiu  begins  to  act,  and  the  fisaureH  are  closed 
>efore.  In  Fig.  27a  I  have  given  a  sketchy  section  of 
^rtioa  of  the  glacier,  illustrating  the  fonnation  of  the 
;  at  the  top  of  a  slope,  and  their  subsequent 
obliteration  at  it^i  'wise. 

Another  effect  is  here  beautifully  sliown,  namely,  the 
union  of  the  tranaverse  and  niargiuiil  crevasses  tn  form  con- 
tinuous tiasiirfS  which  stretch  quit*^  across  the  glacier.  Fig. 
■27b  will  illustjatt^  my  meaning,  tliough  very  imperfectly; 
repri'seuts  a  plan  of  a  portion  (»f  tJio  Lower  Grindelwald 
.  with  both  niurgitial  and  transverse  fissures  dntwn 
„  I  hav(^  placed  it  under  the  section  ho  that  each 
!tof  it  may  show  in  plan  the  |x)rtii>n  of  the  gliicier  which 
sei^lion  immediately  above  it.  It  shows 
'  the  marginal  crevasses  remain  after  the  eompres- 
I  of  the  centre  has  obliterated  the  transverse  ones; 
;  how  the  latter  join  on  to  the  former,  so  as  to 
I  continnouB  fissures,  which  sweep  across  the  glacier 
ftast  ciirvesi,  with   their   convexities   lumeil   miwucds,. 


I 


I  COMPRESSION  AND  TENSION. 

The  illHsion  before  referred  to  is  here  etrenglJiened ; 
I  crevasses  turn,  bo  to  say,  affainH  the  direction  of  tnoti 


'  iustead  of  forming  looits,  with  their  t-ouvoxitiea  pointii)) 
downwards,  and  thus  would  impress  a  perBun  iinacqaaintoi 
I  with  the  mecliaaical  data  with  the  idea  that  the  glaciei 
I  margins  moved  more  quickly  than  the  centre.  The  0gnxei 
I  are  intended  to  convey  the  idea  merely ;  on  the  i 
I  slopes  of  the  glacier  between  twenty  and  thirty  t 
I  may  be  counted:  the  word  "compression"  also  ought  U 
have  been  limited  to  the  level  portions  of  the  sketch. 

Besides  the  two  classes  of  ftssures  mentioned  we  often 

ikid   othera,  which  are  ueitlier  marginal  nor  transven 

I  The  terminal  portions,  of  many  glaciers,  for  example,  ai 

kin  II  Btiite  ofcompreeeiou;  tho  suout  of  the  glacier  abtttl 

Vl^in^  the  ground,  and  liavjng  Ut  l>CAr  tlio  thntst  of  thi 

8  behind  it,  if  it  hav>*  room  to  oxpiiiid  lutendly,  Uio  ia 
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^^BU  j'ielil,  nnd  longitudinal  crevasges  will  be  fcprmed.     They 
^^Be  of  very  coinmun  occurrence,  but  Uie  finest  example 
of  tlie  kind   is  perhaps  exhibited  by  the  glacier  of  the 
Ithoue.     After  escaping  from  the  steep  gorge  which  hold^ 
the  ciiscafle,  this  glacier  encoujiterB  the  Ixittoiu  of  a.  com- 
piiratively  wide  and  level  volley ;  the  resistance  to  its  for- 
ward motion  is  augmented,  while  its  ability  to  expand 
laterally  ia  iucreoaed ;  it  has  to  Ijear  a  longitudinal  thrust, 
and  it  spUts  at  right  angles  to  the  pressure,     A  aeries  of 
fissures  is  thus  formed,  the  central  ones  of  which  are  truly 
longitudinal ;   but  on   each  side  of  the  central   lino  the 
crevasses  diverge,  and  exhibit  a  fan-like  arrangement.   This 
disposition  of  the  fiasures  ia  beautifully  seen  from  the  eum- 
mit  of  the  Mayenwand  on  the  Grimsel  Pass. 
^^KHerc  then  we  have  the  elements,  so  to  speak,  of  glacier- 
^Hnvassing,  and  tlirough  their  separate  or  combined  action 
^^■n  most  fantastic  cutting  up  uf  a  glacier  may  be  effected. 
^Hbld   see  bow  beautifully  these  simple  principles  enable  ' 
^^p<  to   account    for    the    remarkable    crevassing   of   the 
B. 'eastern  side  of  the  iter 
de  Glace.    Let  a  b,  c  d,  < 
1m  the  opposito  sides  of  a 
portion  of  the  glacier,  near 
the  Montaiivert;  c  d  bein^ 
east,  and  a  b  west,  the 
glacier  moving  io  the  di- 
rection of  the  arrow  ;  let  '*  ' 
the  points  m  n  represent  the  extremities 
ttakes,  and  let  us  supjiOBc  an  elastic  string;  stretched  acrosi^ 
glacier  from  one  to  the  other.     We  have  proved  that 
point  of  maximum  motion  here  lies  much  nearer  to 
16  side  c  D  tliuii  to  A  B.    Let  o  be  this  point,  and,  seizing 
the  string  at  o,  let  It  he  drawn  in  tlie  direction  of  motion 
until  it  assumes  the  ]>ofiition,  m^  o',  n.    It  is  quite  evident 
A  o'  n  in  in  a  statu  uf  greater  .teuHion  than  o  m,  and^^ 
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we  at  the  eastern  side  of  the  Mer  da  Glace  is  iu  a  pre 
similar  mechanical  condition.     It  sufl'ers  a  greater  i 
than  the  ice  at  the  opposite  side  of  the  yalley,  and  h 
more  fissured  and  broken.    Thus  we  see  that  the  erevM 
of  the  eastern  Bide  of  the  glacier  is  a  simple  consequei 
of  the  quicker  motion  of  that  side,  aud  does  not,  as  bitl 
supposed,  demonstrate  its  slower  motion.    The  reasoa  n 
tlie  eastern  side  of  the  glacier,  na  a  whole,  is  much  n 
fissured  than  the  western  side  is,  that  there  are  two  1 
segments  which  turn  their  convoi  curvature  eastward,  a 
only  one  segment  of  tho  glacier  which  turns  its  convei 
westward. 

The  lower  portion  of  the  Rhone  glacier  sweeps  rou 
the  side  of  the  valley  next  tlie  Furca,  and  turns  thioaj 
out  a  convex  curve  to  this  side :  the  crevasses  here  t 
wide  and  frequent,  while  they  are  almost  totally  absent 
the  opposite  side  of  the  glacier.  The  lower  Grindehn 
glacier  turns  at  one  place  a  convex  curve  towards  i 
£iger,  and  is  much  more  fissured  at  that  side  than 
tlie  opiKjsito  one ;  indeed,  the  fantastic  ice  -  splinte 
coIum?ia.  and  minarets,  which  are  so  finely  exhibited  up 
this  gliM:iiir,  are  mainly  due  to  the  deep  crcvassing  of  t 
convex  side.  Numerous  other  illustrations  of  tho  law  n 
1  doubt  not,  be  discovered,  and  it  would  I>e  a  pleasant  a 
useful  occupation  to  one  who  takes  an  interest  iu  the  st 
j(-ct,  to  determine,  by  strict  measurempiit'*  upon  otiier  ^ 
ciers)  the  locus  of  the  point  of  maximum  motion,  n 
to  observe  tho  associated  mechanical  effects. 

The  appearance  of  crevasses  is  often  determined  by  Q 
cumstances  mure  local  and  limited  than  those  above  ini 
catetl ;  a  boss  of  rock,  a  protuberaucff  on  the  side  nf  ti 
flunking  moimtoin,  anything,  iu  iritort,  which  clicchB  ti 
motion  of  one  part  of  lite  ice  and  [>cnnils  un  adjaca 
{Hirtioii  to  be  pushod  away  f'niui  it,  produces  crumsa 
Some  valleys  are  tenninatetl  by  u  liiiid  of  iiiuuntiuu-cin] 
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^Hbh  Steep  sides,  gainst  wtui^h  Uie  suow  rises  to  a  cou- 
^HfSeral)l<^  boight.  Am  tbe  tiiiisg  is  urged  do^vnwa^d8,  the 
^iower  portion  of  Uie  suow-«lope  is  often  torn  away  from  it^ 
higher  [Kirtion,  anil  a  chasm  is  ^formed,  which  uscally 
extends  nninil  the  hi?ail  of  the  viilley.  To  suoh  a  creyasse 
the  specific  name  Berggchrund  is  applied  in  the  Bernese 
Alps ;  I  liiive  referred  to  one  of  them  in  the  account  of 
lie  "  Passage  of  the  Strahleck." 


^PTh 


(18.) 


f  The  phenomena  descrihed  and  accouutj^d  for  in  tlie  lust 
chapter  have  a  direct  bearing  upon  the  qneatioo  of  tihco- 
eity.     In  virtue  of  the  qnieker  central  flow  the  lateral  ice 
is  subject  to  an  ohiiipie  strain ;  but,  instead  of  stretching, 
it  breaks,  and  marginnl  crevasses  are  formed.     Wb  also  see 
that  a  slight  cnn'ature  in  the  valley,  by  throwing  an  addi- 
'  inal  strain  upon  one  half  of  the  glacier,  pnxtucea  an 
mented  crevassiiig  of  that  side. 
But  it  is  known  tliat  a  subatanee  confessedly  viscous  may 
I  broken  by  a  sudden  sliock  or  strain.     Professor  Forbes 
jtiBlIy  observes  that  sealing-wax  at  moderate  temjieratures 
will  mould  itself  (with  time)  to  the  most  delicate  inequa- 
lities of  the  surface  on  which  it  rests,  but  may  at  the  sam<! 
time   be   shiventi   to  atoms  by  the  blow  of  a  hammer. 
Hence,  in  order  to  estimate  the  weight  of  the  objection 
^^Bt  n  glacier  breaks  when  subjected  to  strain,  we  must 
^^How  tlio  conditions  under  which  the  force  is  applied. 
^Hfrbe  Mer  de  Glaco  has  been  shown  (p.  2JS7)  to  move 
^tfiough  tliB  neck  of  the  valley  at  Triflaporto  at  the  rate  of 
twenty  inches  a  day.     Let  the  sitlcs  of  tliis  paiLfc  rt'preseut 
the  boundaries  of  tlie  glacier  at  Trclajiorte,  and  auy  one  of 
B  lines  of  print  a  transverse  elice  of  ice.    Supposing tWVove. 
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to  move  down  the  ^tage  as  tlie  slice  of  ice  moveB  down  t 
Talley,  tliPii  the  bending  of  the  ice  in  twenty-four  liouiq 
ehuwn  on  such  a  euole,  would  only  be  sufficient  to  pui 
forward  thp  centre  in  ylvance  of  the  ddea  by  a  very  s 
fraction  of  the  width  of  the  line  of  print.  To  such  t 
extremely  gradual  strain  the  ice  is  unable  to  acoommodatA 
itself  without  fracture. 

Or,  referring  to  actual  numbers : — the  stake  No,  IS  ( 

our  5th  line,  page  284,  stood  on  the  lateral  moraine  of  tlui 

Mer  de  Glace ;  and  between  it  and  No.  14  a  distance  « 

190  feet  intervened.     Let  A  b,  Fig.  2fl,  be  the  aide  of  tha 

glacier,  moving  in  the  direction  of  the  arroW) 

and  let  a  b  c  d  he  a.  sfjuftre  upon  the  glnciet- 

with  u  fiidt!  of  190  feet.     The  whole  equara 

res  with  the  ice,  but  the  side  b  d  taovea 

cpiickest;  the  ^loiut  a  moving  10  inches 

wliile  h  moves  14-75  inches  in  24  hours ;  thdi; 

■' difierential  motion  therefore  amounts  to  I 

ineh  in   five   hours.     Let   ab'    d' c  he  tha 

shape  of  the  figure  after  five  hours"  motioQ^ 

then  the  line  a  b  would  be  extended  to  a  A| 

ng.».        and  cd  to  cff. 

The  extendon  of  these  Unea  does  not  however  express  ti 

naximvm  strain  to  which  the  ice  is  subjected.     Mr.  Hop) 

kins  has  shown  that  this  takes  place  along  the  line  ad;  i 

'  five  hours  then  this  line,  if  capable  of  stretching,  would  \ 

I  stretched  to  atf.     From  the  data  given  every  boy  who  i 

J  mastered  the  47th  Proposition  of  thci  First  Book  of  EacUd 

I  can  find  the  length  both  of  ad  and  nd^ ;  the  former  i 

I  8224-4  inch^fs,  and  tht;  latter  is  3225'1,  the  dUTerence  bt 

I  tween  tlipm  being  seven-tenths  of  an  inch. 

Tliia  is  the  amomit  of  yielding  required  from  the  to 

j  in  five  hours,  but  it  cannot  grant  this ;  the  glacier  break^ 

f  and  numerous  mat^nal  crevasses  ore  formed.     It  mm 

not  bo  forgotten  that  thi;  evidence  hero  adduced  meroly 
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ms  what  ice  cannot  do ;  what  it  can  do  in  tlie  way  of 

K>us  yielding  we  do  not  know :  there  exists  as  yet  no 
igle  experiment  on  great  masses  or  smuU  to  show  that 
ice  possesses  in  any  sensible  degrqe  that  power  of  being 
drawn  out  which  seems  the  very  essence  of  viscosity. 

[  have  already  stated  that  the  crevasses,  on  their  firet 
lation,  are  exceedingly  narrow  rents,  which  widen  very 

wly.  The  new  crevasse  observed  by  our  giiido  required 
wveral  days  to  attain  a  widtli  of  three  inches ;  while  that 
observed  by  Mr.  Hirst  and  myself  did  not  widen  a  single 
inch  in  three  days.  This,  I  believe,  is  the  general  cha- 
racter of  the  crevasses;  they  form  suddenly  and  open 
alowly.  Both  facta  are  at  variance  with  the  idea  that  ice 
is  TiBcous ;  for  were  this  substance  capable  of  stretching  at 

Kalow  rate  at  which  the  fissures  widen,  there  would  be 
ecessity  for  their  formation, 
cannot  be  too  clearly  and  emphatically  stated  that 
the  prooai  fact  of  a  glaeier  conforming  to  the  law  of  semi- 
fluid motion  is  a  thing  totally  difi'erent  from  the  alUged 
fact  of  its  being  viscous.  Nobody  since  lis  first  enuncia- 
tion disputed  the  fonner,  I  had  no  doubt  of  it  when  I 
repaired  to  the  gladere  in  I85U ;  and  none  of  tlie  eminent 
who  have  discussed  this  que^on  with  Professor 
I  liave  thrown  any  doubt  upon  his  measurements. 
■is  the  assertion  that  small  pieces  of  ice  are  proved  to 
•  by  the  experiments  made  upon  glaciers,  and 
i  oonseiiuent  impression  left  upon  the  public  mind — 
I  ice  possesses  the  "gluey  tenacity"  which  the  term 
K)UB  suggests — to  which  these  observations  are  meant 

jkpp'y- 

■'Tlic  Tuwosilj,  lliouBh  it  uwuiot  be  trafudiii  Uie  parts (/' my  minnfe, 
^tlielcBB  etitU  tliurp,  as  uiieiiuivornlly  prnveil  by  cxporimeDtd  an  tint 
feMikle."— Forbciln*FliU.HBg..'TaLi,  |i,  :iOI. 
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(19.) 

Great  scientific  priiK-i'iilea,  though  usually  announced  i 

individiialB,  are  often   merely  the   distinct   expresejon  i 

thougbts  and  (.'onvictionfi  wliicli  had  Imi^  been  cntertaiiM 

by  all  arlvanccd  investigators.     Tims  tlie  more  profoun 

philosophic  thinkers  had  long  suspected  &  oertain  Cfjmv^ 

leuce  and  connexion  between  the  various  forces  of  nature 

experiment  had  shown  the  direct  coimexioii  and  mutui 

convertibility  of  many  of  them,  and  the  spiritual  iusigbl 

which,  in  the  case  of  the  true  experimenter,  always  s 

rounds  and  often  precedes  the  work  of  his  hands,  revealo 

more  or   less   plaiidy  that    natural  forcus  either   had  i 

common  root,  or  that  they  formed  a  circle, 

were  so  connected  ^hftt  by  starting  from  any  ono  of  then 

we  could  go  through  the  circuit,  and  arrive  at  the  point 

from  wliich  we   set  out.      For   the   last  oighti^en.  yet 

this  subject  has  occupied  the   attention  of  some   of  tha 

I  ablest  natural  pliilosophers,  both  in  this  country  and  i 

the  Continent,     The  connexion,  however,  which  has  a 

occupied  their  miiida  is  that  between  heat  and  work;  tbl 

I  absolute   numerical   equivalence   of   the   two    liaving, 

I  believe,   been   first   annoimced   by   a   German   physioiu 

p  named  Meyer,  and  experimentally  proved  in  this  couotij 

r  by  Mr.  Joule. 

A  lead  bullet  may  be  made  hot  enough  to  bnm  ) 
I  hand,  by  striking  it  with  a  hammer,  or  by  rubbing  it  a 
I  a  board ;  a  clever  blacksmith  can  make  a  nail  rcd-hat  In 
IhammBrmg  it;  Count  Kumford  boiled  water  by  thv  1 
ridevetoped  in  tlie  boring  of  cannon,  and  inferred  from  t 
■xperiment    lliat   heat   wa£   not   what   it   wo^  geuoraHv 
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^^ftposed  to  be,  an  impoudemblt;  fluid,  but  a  kind  of 
^^Btiun  generated  by  tbe  friction,  Kow  Mr.  Joule's 
,  experimtrnte  enable  us  to  state  the  exact  amount  of  beat 
wbipb  a  definite  expenditure  of  mechanical  force  can  ori- 
ginate. I  say  originate,  not  draj^  from  any  hiding-place  in 
which  it  bad  concealed  itself,  but  actually  bring  into  exjstr 
once,  8o  that  the  total  amount  of  heat  in  the  universe  is 
tliereby  augmented.  If  a  mass  of  iron  fall  from  a  tower 
770  feet  in  height,  we  can  state  the  precise  amount  of  heat 
developed  by  its  collision  with  the  earth.  Supposing  all 
the  heat  thus  generated  to  be  concentrated  in  the  iron 
itaelf,  its  temperature  would  thereby  be  raised  nearly  10" 
Fahr.  Gravity  in  this  case  has  expended  a  certain  amoaut 
of  force  in  pidliug  the  iron  to  tbe  earth,  and  this  force  is 
the  mMhanical  equieaUnt  of  the  heat  generated.  Further- 
more, if  we  had  a  machine  so  perfect  as  to  enable  us  to 
apply  all  the  heat  thus  produced  to  the  raising  of  a  weight, 
we  should  he  able,  by  it,  to  lift  the  ma«8  of  iron  to  the 
precise  point  from  which  it  foil. 

But  the  boat  cannot  lift  the  weight  and  still  continue 
heat ;  this  is  the  peculiarity  of  the  modern  view  of  tlie 
mfttt*>r.  The  heat  is  consumed,  used  up,  it  is  no  longer 
heat;  but  instead  of  it  we  have  a  certain  amount  of  gravi- 
tating force  stored  up,  which  is  ready  to  act  again,  and  to 
regenerate  the  heat  when  the  weight  is  let  loose.  In  fact, 
when  the  falling  weight  is  stopped  by  the  earth,  the  motion 
of  it«  mass  is  converted  into  a  motion  of  its  molecules ; 
when  the  weight  is  lifted  by  heat,  molecular  motiuu  is  con- 
verted into  ordinary  mechanical  motion,  but  for  every 
portion  of  either  of  them  brought  into  existence  an  equiva- 
lent portion  of  the  otiier  must  be  consumed 

What  is  true  for  masaes  is  also  true  for  atoms.  As  tlie 
earth  and  the  piece  of  iron  miituiilly  atti'act  each  other, 
and  produce  heat  by  their  collision,  so  the  carbon  of  a 
ing  candle  and   the  oxygen  of  the    auvrvww^kvw^  'i 
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mutually  attract  each  other ;  they  rush  together,  ^»1  ( 
collisiou  the  arrested  motion  becomes  heat  la  the  fohufl 
case  we  have  the  conversion  of  gravity  into  heat,  in  tlu 
latter  the  conversion  of  chemical  affinity  ijito  heatj 
but  in  each  case  the  process  consists  in  the  generatioi 
of  motion  by  attraction,  and  the  subsequent  change  < 
that  motion  into  motion  of  another  kind.  Mechanically 
considered,  tlie  attraction  of  the  atcima  and  its  reaoltB  i 
precisely  the  same  as  the  attraction  of  the  earth  euu 
weight  and  its  results 

But  what  is  true  for  an  atom  is  also  true  for  a  planet  or  i 
Bun.  Supposing  our  earth  to  be  brought  to  rest  in  her  o 
by  a  sudden  shock,  we  are  able  to  state  the  exact  amount « 
heat  which  would  be  thereby  generated.  The  cooseqaenoc 
of  the  partli's  being  thus  brought  to  ref*  woidd  be  thttt  U 
would  fall  into  the  sun,  and  the  amount  of  heat  wfaiol 
would  be  generated  by  tin's  second  collision  is  also  caldd- 
able.  Helmholtz  bus  calculated  that  in  the  former  < 
tlie  heat  generated  would  be  equal  to  that  produced  by 
the  combustion  of  fourteen  earths  of  solid  coal,  and  i 
the  latter  case  the  amount  would  be  400  times  greater. 

Whenever  a  weight  is  lifted  by  a  steam-engint!  in  oppa 
eitioQ  to  the  force  of  gravity  an  amount  of  heat  is  cfiusu] 
equivalent  to  the  work  done :  and  whenever  the  mole 
of  a  body  are  shifted  in  opposition  to  their  mutual  attro 
work  is  also  performed,  and  an  equivalent  amount  of  heat 
is  consumed.  Indeed  the  amount  of  work  done  in  1 
shlftiDg  of  the  molecules  of  a  body  by  heat,  when  oxpreaud 
in  ordinary  mechanical  work,  is  perfectly  enormous.  The 
lifting  of  a  heavy  weight  to  the  height  of  1000  feet  may  b 
as notliing  compared  n'ith  theehiftingof  theatomsr^ftbod] 
by  an  nmonnt  so  small  that  onr  finest  means  of  ii 
meiit  hardly  enalile  ua  to  determine  it.  Differoiit  InxUbi 
give  heat  different  degrees  of  trouble,  if  I  may  use  tlio  b 
in  shifting  their  atoms  and  putting  thom  in  new  plooec 
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tgi\"es  more  trouble  tlian  lead ;  aud  water  gives  far  more 
ble  than  either.  The  heat  expended  in  this  molecular 
WOTK  is  lost  03  heat ;  it  does  not  ehow  itself  as  temperature. 
Suppose  the  heat  produced  by  the  combustion  of  an  ounce 
of  candle  to  be  cooceutratt-d  in  a  pound  of  iron,  a  certaiu 
portion  of  that  heat  would  go  to  perform  the  molecular 
work  to  wliicli  I  have  referred,  and  the  remainder  would  be 
expeude<l  in  raising  the  temperature  of  tlie  body ;  and  if 
the  same  amount  of  heat  were  communicated  to  a  pound 
of  iron  and  to  a  pound  of  lead,  the  balance  in  favour  of 
temperature  would  be  greater  in  the  latter  case  tlian  in  the 
former,  because  the  heat  would  have  less  molecular  work 
to  do  ;  the  lead  would  become  more  heated  than  the  iron. 
To  raise  a  pound  of  iron  a  certain  number  of  degrees  in 
temperature  would,  in  fact,  require  more  than  three  times 
the  absohite  quantity  of  hait  which  would  be  required  to 
raise  a  pound  of  lead  the  same  number  of  degrees.  Con- 
versely, if  we  place  the  pound  of  u-on  and  the  jxjund  of  lead, 
heated  to  the  same  temperalure,  into  ice,  wo  shall  ftnd  that 
the  quantity  of  ice  melted  by  the  iron  will  be  more  than 
three  times  that  melted  by  the  lead.  In  fact,  the  greater 
amount  of  molecular  work  invested  in  the  iron  now  comes 
D  play,  the  atoms  again  obey  theu-  own  powerful  forces, 
I  an  amount  of  heat  corresponding  to  the   energy  of 

9  forces  is  generated. 

Blhis  molecular  work  is  that  which  has  usually  been  called 

n/^  hfat,  or  capacity  for  heat.    Acconling  to  the  mate- 

)w  of  heat,  bodies  are  figured  as  Hfwuges,  and  heat 

ind  of  fluid  absorbed  by  them,  ditforent  bodies  possesfling 

rent  powers  of  aljsorption.     According  to  the  dynamic 

m,  as  already  explained,  heat  is  regarded  as  a  motion, 

t  capacity  for  heat  indicates  the  quantity  of  that  motion 

nimed  in  internal  changes. 

B  greatest  of  these  changes  occurs  when  a  body  pnssea 
1  one  statti  of  aggregation  to  another,  ftom.  VVvt  -^iijci^ 
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J  to  the  liquid,  or  from  the  liquid  to  the  aeriform  etate ;  i 

I  the  quantity  of  heat  required  for  such  chaugee  is  ( 

I  enormous.     To  couvert  a  jwund  of  ice  at  32°  Fahr.  i 

'  water  at  the  game  temperature  would  require  au  amoon 

of  heat  competent,  if  applied   as   mechanical   force, 

lift  the  same  pound  of  ice  to  a  height  of  11U,000  feet 

it  would  raise  a  ton  of  ice  nearly  50  feet,   or   it   wonI( 

lift   hetween   49   and  50  tons   to   a   height  of  one   foo 

above  the  earth's  surface.     To  convert  a  pound  of  water  a 

212^  into  a  jwund  of  steam  at  the  same  temperature  woq1< 

require  an  amount  of  heat  which  would  jierlbnu  nearly 

eeveu  times  the  amount  of  mechanical  work  just  mentioned^ 

This  heat  is  entirely  expended  in  interior  work*  anddoc 
nothing  towards  augmenting  the  temperature ;  the  V 
is  at  the  temperature  of  the  ice  which  produced  it,  botl 
I   are  32° ;  and  the  steam  is  at  the  temperature  of  the  * 
which  produced  it,  both  are  212°.     The  whole  of  tlie  hec 
is  consumed  in  ]>roducing  tho  change  of  aggregutioD; 
say  "  eonxumed,"  not  hidden  or  "  latent "  in  either  the  watc 
or  the  steam,  but  absolutely  non-existent  as  heat.     Tfa 
I  molecular  forces,  howeTer,  which  the  heat  has  sacriflotK 
itself  to  overcome  are  able  to  reproduce  it ;  the  water  ii 
freezing  and  the  steam  in  condensing  give  out  the  f 
I   amomit  of  heat  whicli  tbey  consumed  when  the  cbaiige  q 

aggregation  was  in  the  opposite  direction. 
I  At  a  temperature  of  several  degreea  below  its  freennj 
I  pouit  ice  is  much  harder  than  at  ^2°.  1  have  more  t 
I  once  cooled  a  sphere  of  the  substance  in  a  hath  of  • 
carbonic  acid  and  etiier  to  a  temperature  of  10<l°  l>elow  tho 
freezing  point.  During  the  time  of  cooling  the  ice  craekled 
I  audibly  from  its  eoutroction.  and  afterwards  it  quite  reeisteti 
I  tliQ  edge  of  a  knife ;  while  at  32^  it  may  bit  cut  or  ernshotU 
I  with  extreme  facility.  The  ci)ld  sphere  was  subjectod  ifl 
I     ■  I  bonuw  Uiis  torm  Irom  VitttomoT  Olaun'uii'ii  ezciilkiul  iiii|<uc«  m  tllfl 
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prefiSHTG ;  it  broke  witli  the  detoDation  of  a  vitreous  body, 
and  was  talcEni  from  tlic  presa  a  white  opaque  ])owder ;  wliich, 
on  being  aubsoqnently  raised  to  32°  and  again  compressed) 
was  converted  into  a  pellucid  slab  of  ice. 

But  before  the  temperature  of  32°  is  quite  attained,  ice 
gives  evidence  of  a  looaumiig  of  its  crystalline  texture. 
Indeed  the  unsoundness  of  ico  at  and  near  its  melting 
point  has  been  long  known.  Sir  John  Leslie,  for  example, 
statea  that  ice  at  32°  is  friable ;  and  every  skater  knows  how 
rotten  ice  becomes  before  it  thaws.  M,  Person  has  further 
ehowQ  that  the  latent  heat  of  ice,  that  is  to  say,  the  quantity 
of  heat  necessary  for  ita  liquefaction,  is  not  quite  exitressed 
by  the  quantity  consumed  in  reducing  ice  at  32°  to  the  liquid 
state.  The  heat  begins  to  be  rendered  latent,  or  in  other 
words  the  change  of  aggregation  commences,  a  little  before 
the  substance  reaches  32°, — a  conclusion  which  is  illus- 
trated and  confirmed  by  the  deportment  of  melting  ice 
onder  pressure. 

In  reference  to  the  above  remilt  Profeseor  Forbes 
writes  aa  follows : — "  I  have  now  to  refer  to  a  fact .... 
established  by  a  French  experimenter,  M,  Person,  who 
appears  not  to  have  had  oven  remotely  in  his  mind  the 
theory  of  glaciers,  when  he  announced  the  following  facts, 
viz. — ■  That  ice  does  not  pass  abruptly  from  the  solid  to  the 
fluid  state;  that  it  begins  to  toftat  at  a  temperature  of 
2°  Centigrade  below  its  thawing  point ;  that,  consequently, 
between  28°  4'  and  32'  of  Fahr.  ice  is  actually  passing 
through  various  degrees  of  plasticity  witliin  narrower  limita, 
but  in  the  same  manner  that  was,  for  example,  softens  be- 
fore it  melta." "  The  "wjfienin^"  hero  referred  to  la  the 
"friability,"  of  Sir  J.  Leslie,  and  what  I  have  called  a 
"  loosening  of  the  texture,"  Let  us  suppose  the  Serpentine 
I  by  u  slieet  of  pitch  so  smooth  and  bard  as  to 
a  skater  1o  glide  over  it ;  and  which  is  afterwards 
y  warmed  until  it  begins  to  bend  under  his  wei^t. 
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I  and   finally   lets  liim   through.      A   comparisoD   of  ) 

I  deportment  with  that  of  a  sheet  of  ice  under  the  i 
circumstauces  enables  ua  to  decide  whetlier  ice  • 
through  various  degrees  of  plasticity  in  the  same  numnen 
OS  was  softens  before  it  melta."      M.  Person  concerned 
himself  solely   with   the   heat  absorbed,   and    no   doubl 
in  both  was  and  ice  that  heat  is  expended  in  "  interioi 

,  work."     In  the  one  case,  however,  the  body  is  s. 
tutod  that  the  absorbed  heat  is  expended  in  rendering  th* 
sulffitance  viscous  ;  and  the  question  simply  is.  whether  fin 

I  heat  absorbed  by  the  ice  gives  its  molecules  a  freedom  c 
play  which  would  entitle  it  also  to  be  called  viscooaj 
whether,  in  short,  "  rotton  ice  "  and  softened  was  pre 

[  the  same  physical  qualities? 


(2«-) 
There  is  one  otiier  point  in  pounexion  with  the  v 
theorj'  which  claims  our  attention.     The  announcement  o 
[,  that  theory  startled  scientific  men,  and  for  two  or  thrM' 
[  years  after  its  first  publication  it  formed  the  snbjeot  e 
I  keen  discussion.     This  finally  subsided,  and   afterwards 
\  Professor  Forbes  drew  up  an  elaborate  paper,  which  v 
I  presented  in  three   parts  to   the  Royal  Society  in  1845 
1  and  1H46,  and  subsequently  published  in  tlie  '  I'hiloeophical 
I  Transactions.' 

In  the  concluding  portion  of  Part  III,  Profeesor  Forbes 

I  Btat«s  and  answers  the  question,  ■■  How  far  n  glacier  is  to 

I  be  regarded  as  a  plastic  mass?"  in  thi^se  words :— "  WstD 

glacier  composed  of  a  solid  crystalliuo  c&ke  of  ic&,  fitted 

moulded    to    the    mountain    bed    which    it  occupica, 

ce  a  lake  trauquilly  frozen,  it  would   snem   impoe^ls 

^^^t  BUch  a  flexibility  or  yielding  of  parts  as  t 
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permit  any  comparieoa  to  a  fluid  or  seiuilluitl  body,  tistis- 
mittiiig  pressure  horizontally,  and  whoso  piirta  might 
change  tlieir  mutual  puflitions  so  that  ouo  part  should  be 
pushed  out  whilst  anotlior  remained  beliiiid.  But  we 
know,  in  point  of  fact,  that  a  glacier  is  a  body  very  dif- 
ferently constituted.  It  is  clearly  proved  by  the  experi- 
ments of  Agassiz  and  others  that  the  glacier  is  not  a  mass 
of  ice.  but  of  ice  and  wat*r,  tlie  latter  percolating  freely 
through  the  crevices  of  the  former  to  all  depths  of  the  gla- 
cier ;  and  it  is  a  matter  of  ocular  demonstration  tliat  these 
crevices,  though  very  minute,  commimicate  freely  with 
one  another  to  great  distances ;  the  water  with  which  they 
ore  filled  communicates  force  also  to  great  distances,  and 
exercisi'B  a  tremendous  hydrostatic  preseuro  to  move  on- 
wards in  the  direction  in  which  gravity  urges  it,  the  vast 
porous  mass  of  6eeimng;ly  rigid  ice  in  which  it  is  as  it 
were  bound  up." 

"  Now  the  water  in  the  crevices,"  continues  Professor 
Forbes,  "  does  uot  constitute  the  glacier,  but  only  the 
principal  vehicle  of  the  force  which  acts  on  it,  and  the  slow 
irresistible  energy  with  which  the  icy  mass  moves  onwards 
from  hour  to  hour  witli  a  continuous  march,  bespeaks  of 
itself  the  presence  of  a  fluid  pressure.  But  if  the  ice  were 
not  in  Bomo  degree  ductile  or  plastic,  tliis  pressure  could 
never  produce  any  the  least  forward  motion  of  the  mass. 
The  pressure  in  the  capillaries  of  the  glacier  can  only  tend 

separate  one  particle  from  another,  and  thus  produce 
ions  and  compressions  within  the  hotly  of  t/ie  glaaieT 
hich  yields,  owing  to  its  sUghtly  ductile  nature,  in 
tlie  direction  of  least  resistance,  retaining  its  continuity, 
or  recovering  it  by  reattachmeut  after  its  parts  Irnve  suffered 
a  bruise,  according  to  the  ^doleuce  of  the  action  to  which  it 
has  bw-n  exposed." 

J  will  not  pretend  to  say  that  I  fully  understand  this 
passage,  hilt,  taking  it  and  the  former  one  together,  I  tluu^E. 
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it  is  clear  that  the  water  which  is  supposed  to  goige 
the  capillaries  of  the  glacier  is  assumed  to  be  essential 
to  its  motion.  Indeed,  an  extreme  degree  of  sensitiveneas 
has  been  ascribed  to  the  glacier  as  regards  the  changes  of 
temperature  by  which  the  capillaries  are  affected.  In 
three  succeeding  days,  for  example,  Professor  Forbea 
found  the  diurnal  summer  motion  of  a  point  upon  the 
Mer  de  Glace  to  increase  from  15*2  to  17*5  inches  a 
day;  a  result  which  he  says  he  is  '^persuaded"  to  be 
due  to  the  increasing  heat  of  the  weather  at  the  time. 
If,  then,  the  glacier  capillaries  can  be  gorged  so  quickly 
as  this  experiment  would  indicate,  it  is  fair  to  assume  tha^ 
they  are  emptied  with  corresponding  speed  when  the 
supply  is  cut  away. 

The  extraordinary  coldness  of  the  weather  previous  to 
the  Christmas  of  1859  is  in  the  recollection  of  everybody : 
this  lowness  of  temperature  also  extended  to  the  Mer  de 
Glace  and  its  environs.  I  had  last  summer  left  with 
Auguste  Balmat  and  the  Abbe  Yueillet  thermometera 
with  which  observations  were  made  daily  during  the  cold 
weather  referred  to.  I  take  the  following  from  Balmat'fl 
register. 


Date. 
December  IG    . . 

Minimum,     i 
temperature    | 
Centigrade. 

..     -  15^       ! 

Date. 
December  23    . . 

Minlmiim. 
tempersliuv 
CentlgrailF. 

ft 

n 

17  ..      . 

18  .. 

19  ..      , 

..     -  20        i 
..      -   16J       ' 
..      -     9          1 

«» 

24  ..      . 

25  ..      . 
2G    ..      . 

.     -     6i 
.     -     2 

.     +     2 

M 

20    .. 

..     -   13 

1 

It 

27    ..      . 

-3 

f> 
ft 

21  ..      . 

22  .. 

.     -  20i 

»» 
** 

28  ..      . 

29  ..      . 

.     -     6 

The  temperature  at  the  Montanvert  during  tlie  above 
period  may  be  assumed  as  generally  some  degrees  lower,  so 
that  for  a  considerable  period,  previous  to  my  winter  observi^ 
tions,  the  portion  of  the  Mer  de  Glace  near  the  Montanveit 
had  been  exposed  to  a  very  low  temperature.    I  reached 
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the  place  after  the  weather  had  become  warm,  hut  during 
my  stay  there  the  maximum  femperatnro  did  not  exceed 
—44°  C,  Considering  therefore  the  long  drain  to  which  thf! 
glacier  had  been  subjected  previous  to  the  29th  of  Decem- 
ber, it  is  not  unreasonable  to  infer  that  the  capillary  supply 
assumed  by  Professor  Forbes  must  by  that  time  have  beeu 
exhausted.  Notwithstanding  this,  the  motion  of  the  glacier 
at  tlie  Blontanvert  amounted  at  the  end  of  December  to 
half  its  maximum  summer  motion. 

The  observations  of  Balmat  which  have  been  published 
by  Professor  Forbes*  also  militate,  as  far  aa  they  go, 
against  the  idea  of  proportionality  between  the  capillary 
supply  and  the  motion.  If  the  temperatures  recorded 
apply  to  the  Mer  de  Glace  during  the  periods  of  observa- 
tion, it  would  follow  that  from  the  19th  of  December  184t) 
to  the  liith  of  April  lfJ47  the  temperature  of  the  air  was 
constantly  under  zero  Centigrade,  and  hence,  during  this 
time,  the  gorging  of  the  capilliuies,  which  b  due  to  super- 
ficial melting,  must  have  ceased.  Still,  throughout  this 
I  entire  period  of  depletion  the  motion  of  the  glacier  steadily 
increased  from  twenty-four  inches  to  thirty-four  am]  a  half 
inches  a  day.  What  has  beeu  here  said  of  the  Slontan- 
vert,  and  of  the  points  lower  down  where  Balmat's  measure- 
ments were  made,  of  courae  applies  witli  greater  force  to 
,  the  higher  portions  of  the  glacier,  which  are  withdrawn 
&om  the  operation  of  superficial  melting  for  a  longer 
period,  and  which,  nevertheless,  if  I  understand  Professor 
Forbes  aright,  have  their  motion  hagt  affected  in  winter. 
He  records,  for  example,  an  observation  of  Mr.  Bakewell's, 
by  which  the  Glacier  des  Bossons  is  shown  to  be  stationary 
at  its  end,  while  its  upper  portions  are  moving  at  the  late 
of  o  foot  a  day.  This  surely  indicate  that,  at  those  places 
where  the  glacier  is  longest  cut  oif  from  superficial  supply, 
the  motion  is  least  reduced,  which  would  be  a  most  strango 

•  'Occ.  P«p,'p.  224. 
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remilt  if  the  motion  dejiended,  as  affirmed,  upon  the  gorgiD; 
of  the  capillaries. 

The  perusal  of  Ihe  conclusion  of  Professor  Forbea'a  1 
volume  bIiows  nie  that  n  thought  similar  to  that  expressei 
above  ocourred  to  Mr,  Bakewell  also.  S]>eakiiig  of  I 
shallow  glacier  which  moved  when  tlie  alleged  tempt 
tiire  waa  so  enormously  below  tlie  freezing  point  t 
Professor  Forbes  regards  it  as  unlikely  (in  which  I  s 
with  hitn),  Sir.  Bakewell  asks,  "Is  it  possible  that  iaH: 
trated  wat«r  can  have  any  action  whatever  under  sucb  ci 
ciimstunces  ?"  The  reply  of  Professor  Forbes  eontainsthec 
words: — "I  have  nowhere  affirmed  the  presence  of  liqui 
water  to  he  a  tine  (put  ntm  to  the  plastic  motion  of  glaciei& 
This  stati'mcnt,  I  confess,  took  me  by  surprise,  which  v 
diminished  by  further  reading.  Speaking  of  tlie  influeno 
of  temperature  on  the  motion  of  the  Mer  de  Glace,  Pr 
feasor  Forbca  says,  the  glacier  "  took  no  real  start  until  tl 
frost  had  given  way,  and  the  tumultuous  course  of  ti 
An-eiron  showed  that  its  veins  were  &gain  fiUed  with  tJ 
circulating  medium  to  which  the  glacier,  like  tlie  oi^ani 
frame,  owes  its  moving  energy."  *  And  again : — "  It  is  tl 
fragility  precisely  which,  yielding  to  the  hydrostatic  | 
sure  of  Ihe  unfrozen  water  contained  in  the  countless  ct^ 
laries  of  the  glacier,  produces  the  crushing  action  whi 
shoves  thi>  ice  over  its  neighbour  particles."   ■ 

Afte-T  the  perusal  of  tlie  foregoing  paragraphs  the  T 
will  probably  be  less  interested   in   the  question   i 
whether  the  assumed  capillaries  exist  at  all  in  the  glat 
Aooording  to   Mr.   Huxley's  oltservations,  they  do  nol 
During  the  summer  of  IS.")?  he  carefully  e^perimenU 
with  coloured  liquids  on  the  Mer  de  Glace  and  its  ti 
taries,  and  in  no  case  was  lie  able  to  discover  these  fi 
in  the  sound  unwoathered  ice.    I  have  myst'lf  eeon  the  n 

•  HfT)Knl«f 'Mtiinoifsln  Phfl.  Tmnii.' '  Occ.  I'lip..' p.  189. 
^^  t  'Oce.  ["up,.'?.  *7. 
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liquid  resting  in  an  auger-hole,  where  it  had  lain  for  an 
hour  without  diflTusing  itself  in  any  sensible  degree.  This 
cavity  intersected  both  the  white  ice  and  the  blue  veins 
of  the  glacier ;  and  Mr.  Huxley,  in  my  presence,  cut  away 
the  ice  until  the  waUs  of  the  cavity  became  extremely  thin, 
still  no  trace  of  liquid  passed  through  them.  Experiments 
were  also  made  upon  the  higher  portions  of  the  Mer  de 
Glace,  and  also  on  the  Glacier  du  G6ant,  with  the  same 
result  Thus  the  very  existence  of  these  capillaries  is 
rendered  so  questionable,  that  no  theory  of  glacier-motion 
which  invokes  their  aid  could  be  considered  satisfactory. 


^^ 
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THOMSON'S  THEORY. 

(21.) 

In  the  *  Transactions'  of  the  Royal  Society  of  Edinburgh  fof 
1849  is  published  a  very  interesting  paper  by  Prof.  James 
Thomson  of  Queen's  College,  Belfast,  wherein  he  deduces^ 
as  a  consequence  of  a  principle  announced  by  the  French 
philosopher  Camot,  that  water,  when  subjected  to  preflsorei 
requires  a  greater  cold  to  freeze  it  than  when  the  pressure  is 
removed.  He  inferred  that  the  lowering  of  the  freezing 
j)oint  for  every  atmosphere  of  pressure  amounted  to  .0076 
of  a  degree  Centigrade.  This  deduction  was  afterwards 
submitted  to  the  test  of  experiment  by  his  distinguished 
brother  Prof.  Wm.  Thomson,  and  proved  correct.  On  the 
fact  thus  established  is  founded  IVIr.  James  Thomson's  theory 
of  the  "  Plasticity  of  Ice  as  manifested  in  Glaciers." 

The  theory  is  this : — Certain  portions  of  the  glacier  are 
supposed  first  to  be  subjected  to  pressure.  This  pressure 
liquefies  the  ice,  the  water  thus  produced  being  squeezed 
through  the  glacier  in  the  direction  in  which  it  can  most 
easily  escape.  But  cold  has  been  evolved  by  the  act  of 
liquefaction,  and,  when  the  water  has  been  relieved  from 
the  pressure,  it  freezes  in  a  new  position.  The  pressure 
being  thus  abolished  at  tlie  place  where  it  was  first  applied, 
new  portions  of  the  ice  are  subjected  to  the  force ;  these 
in  their  turn  liquefy,  the  water  is  dispersed  as  before, 
and  re-frozen  in  some  other  place.  To  tlie  succession  of 
processes  liere  assumed  Mr.  Tliomson  ascribes  the  changes 
of  form  observed  in  glaciers. 

Tliis  theory  was  first  communicated  to  tlie  Royal  Society 
through  the  author's  brother,  Prof.  William  Thomson,  and 
is  printed  in  the  *  Proceedings'  of  the  Society  for  May,  1857. 
It  was  aftemards  communicated  to  the  British  Assodatioin 
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in  Dublin,  in  whose  '  Reports '  it  is  further  published ;  anil 
again  it  was  rotnmunicated  to  tho  Bellast  Literary  and 
oaophioil  Society,  ui  whose  '  Proceedings '  it  also  tinds 
Iplace. 
On  the  24th  of  November,  1859,  Mr.  James  Thomson 
communicated  to  the  Royal  Society,  throngh  his  brother, 
a  Becond  paper,  in  which  he  again  draws  attention  to  his 
Uieory.  He  offers  it  in  subatitution  for  my  views  as  the 
best  argument  that  he  can  adduce  against  them ;  he  also 
controverts  the  explanations  ofregefation  propounded  by 
Pro£  James  D.  Forbes  and  Prof.  Faraday,  believing  that 
his  own  theory  explains  all  the  facta  so  well  as  to  leave 
room  for  no  other, 

But  the  passage  in  this'paper  which  demands  my  chief 
attention  is  tlie  following : — "  Prof.  Tyndall  (writes  Mr. 
Thomson),  in  papers  end  lectures  subsequent  to  the  publi- 
cation of  tJiis  theory,  appears  to  adopt  it  to  some  extent, 
and  to  endeavour  to  make  its  principles  cooperate  tvith 
the  views  ho  had  previously  founded  on  Mr.  Faraday's  fact 
of  regelatioii."  I  may  say  that  Mr.  Thomson's  main 
thought  was  familiar  to  me  long  before  his  first  communi- 
cation on  the  plasticity  of  ice  appeared;  but  it  had  little 
influence  upon  my  convictions.  Were  the  above  passage 
correct,  I  should  deserve  censure  for  neglecting  to  express 
my  obligations  far  more  explicitly  than  I  have  Iiitherto 
done ;  but  I  confess  that  even  now  I  do  not  understand 
the  essential  jioint  of  Mr.  Thomson's  theory, — that  is  to 
Bay,  its  application  to  tho  phenomena  of  glacier  motion. 
Indeed,  it  was  the  obscurity  in  my  mind  in  connexion  with 
this  point,  and  the  hope  tliat  time  might  enable  me  to 
seise  more  clearly  upon  his  meaning,  which  prevented  me 
from  gi*Tng  that  prominence  to  tlie  theory  of  Mr.  TIiohlsou 
which,  for  aught  I  know,  it  may  well  deserve.  I  will 
Jisru  briefly  state  one  or  two  of  my  difficulties,  and  shall 
grateful  to  have  them  removed. 
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Let  US  fix  OUF  attention  on  a  vertical  slice  of  ice  tmiM: 
verse  to  the  glacier,  aud  to  which  the  prcssore  is  apjiliei 
perpendicular  to  its  surfaces.  The  ice  Iii|iiefie8,  and,  sapf^ 
posing  the  means  of  escape  offered  to  the  comjjreesed  water 
to  be  et\u&\  all  round,  it  is  plain  tliat  there  will  be  as  greet 
a  tendency  to  squeeze  the  water  upwards  as  dowtiwsrdsj 
for  the  mere  tendency  to  flow  down  by  its  own  gravi^ 
becomes,  in  comparison  to  the  forces  here  acting  on  Hi* 
water,  a  vanishing  quantity.  But  tlie  fact  is,  that  the  (e* 
above  the  slice  is  more  permeable  than  that  below  it ;  tor, 
SB  we  descend  a  glacier,  the  ice  becomes  more  compact 
Hence  the  greater  part  of  the  dispersed  wator  will  be  »-. . 
frozen  on  that  side  of  the  slice  wliich  is  turned  towanlc 
the  origin  of  the  glacier;  and  the  consequoQce  ia, 
according  to  Mr.  Thomson's  principle,  the  glacier 
to  move  up  hill  instead  of  down. 

I  would  invite  Mr.  Thomson  to  imagine  himself  and 
together  upon  the  ice,  desirous  of  examining  this  qn< 
in  a  philosophic  spirit ;  and  that  we  have  taken  our 
beside  a  stake  driven  into  the  ice,  and  descending  with  tl 
glacier.  We  watch  the  ice  snrronnding  the  stake,  and  ftod 
that  every  speck  of  dirt  upon  it  retains  its  position  ;  there 
is  no  liquefaction  of  the  ice  that  bears  the  dirt,  and  i 
sequeutly  it  rests  on  the  glacier  undisturbed.  After  tw 
honre  we  find  the  stake  fifteen  inches  distant  from  Hs 
position :  I  would  ask  Mr.  Thomson  how  did  it  got  th« 
Or  let  us  fix  our  attention  on  those  six  stakes  wbicli 
Aga-isiz  drove  into  the  glacier  of  the  Aar  in  1841,  j 
found  erect  in  1842  at  some  hundreds  of  feet  from 
first  position : — how  did  they  get  there  ?  How,  in 
dues  the  end  of  a  glacier  become  ita  end  ?  Ha:t  H 
liquefied  and  re-frozen  ?  If  not,  it  must  have  hecw 
down  by  the  veiy  forces  which  Mr.  I'homsnn  iiivol 
produce  his  liquefaction.  Both  the  liquefaction,  an  far 
e-vitit-i.  and  tho  motion,  are  products  of  the  samn 
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In  short,  this  theory,  ae  it  presents  iteelf  to  my  mind, 
is  so  [Kiwerlesa  to  account  for  the  simplest  fact  of  glacier- 
motioD,  tliat  I  feel  disposed  to  continue  to  doubt  my  own 
competence  to  understand  it  rather  than  ascribe  to  Mr. 
Thomson  au  hyjMitheais  apparently  so  irrelevant  to  the 
facts  which  it  professes  to  esplaiu. 

Another  difficulty  is  the  following: — Mr.  Thomson  will 
have  seen  that  I  havfi  axiordetl  certain  winter  measure- 
ments made  on  the  Her  de  Glace,  and  that  these  mea^ 
sorements  show  not  only  that  tlie  ice  moves  at  that  perii*d 
of  the  year,  but  that  it  exhibits  those  characteristics 
of  motion  from  which  its  plasticity  has  been  inferred ; 
the  velocity  of  tlie  central  portions  of  the  glacier  being  in 
round  numberg  double  tlie  velocity  of  those  near  the  sides. 
Had  there  been  any  necessity  for  it,  this  ratio  might  Lave 
been  augmented  by  placing  the  side-stakea  closer  to  tlu' 
walls  of  the  glacier.  Considering  the  extreme  coldness  of 
the  weather  which  preceded  these  measurements,  it  is  a 
moderate  estimate  to  set  down  the  temperature  of  the 
_p^ee  in  which  my  stakes  were  fixed  at  5°  CenL  below  zero. 
Kft.  |jet  us  now  endeavour  to  estimate  the  ^iressure  existing 
Hpl  the  portion  of  the  glacier  where  tlieso  measuremenle 
^'were  made.  The  height  of  the  Montanvert  above  the  sea- 
level  is,  according  to  Prof.  Forbes,  ((300  feet ;  that  of  tlie 
Col  du  Geant,  which  is  the  summit  of  the  principal  tribu- 
tary of  the  Mer  do  Glace,  is  n,14(J  feet:  deducting  the 
former  from  the  latter,  we  tind  tlie  height  of  the  Col  du 
Guant  above  the  Montanvert  to  be  4846  feet. 
.  Now,  according  to  Mr,  Tbomaons  theory  and  hia  bro- 
(Kb  experimenta,  the  melting  point  of  ice  is  lowered 
5  Centigrade  for  every  atmosphere  of  pressure ;  and 
9  atmosphere  being  equivalent  to  the  pressure  of  about 
rty-three  feet  of  water,  we  shall  not  be  over  the  truth  if 
0  the  height  of  an  equivalent  column  of  glacier-icc, 
tnpactneas  the  mean  of  those  which  \t  vx\\\Vi\\s.  wi^w 
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the  Col  du  Giiant  and  at  the  Montanvert  respectively,  a 
forty  feet.     The  oompactness  of  glacier  ice  is,  of  t 
affected  by  the  air-bubbles  contained  witMn  it. 

If,  then,  the  pressure  of  forty  feet  of  ice  lower  the  melting   ' 
point  .0075  Ceutigrade,  it  follows  that  the  pressure  of  a   i 
column  4846  feet  high  will  lower  it  nine-tenths  of  a  degrOO  I 
Centigrude.     Supposing,  theu,  thf  unimpeded  thruat  cf  tit  . 
whole  glacier,  from  the  Col  du  G4ant  dotonwarde,   to  be 
exerted  on  the  ice  at  the  Montanvert ;  or,  in  other  wor^ 
supposing  the  bed  of  the  glacier  to  be  absolutely  smootl^ 
Hud   every  trace   of  friction   abolished,   the   utmost  tluj 
pressure  thus  obtained  could  perform  would  be  to  loweo 
the  melting  point  of  the  Montanvert  ice  by  the  quantiq 
above  mentioned.     Taking  into  account  the  actual  staf^ 
of  things,  the   friction   of  the    glacier  against   its  i 
and  bed,  the  opposition  which  the  three  tributaries  f 
counter  in  the   neck   of  the   valley   at   Trflaporte,  1 
redstauce   encountered    in    the    Biuuoua   valley   throng 
which  it  passes ;    and  finally,  bearing  m  mind  the  < 
jjanitively   short    length    of  the   glacier,   which    has  ( 
bear  the  thrust,  and  oppose  the  latter  by  its  own  frictiol 
merely; — I  think  it  will  appear  evident  that  the  ic«  I 
the   Montanvert  cannot  possibly  have  its  melting  [ 
lowered  by  pressure  more  than  a  small  fraction  iif  a  ii 
I    gree. 

I        The  ice  in  which  my  stakes  were  fixed  being  —5°  Ceioii 

grade,  according  to  Mr.  Thomson's   calculation   and  1 

brother's  experiments,  it  would  require  (i(i7  atmospberea  < 

pressure  to  liquefy  it ;  in  other  words,  it  would  require  t 

unimpeded  pressure  of  a  column  of  glaciei^ice  2t),GS0  fa 

liigh.     Did  Mont  Blanc  rise  to  two  and  a  half  times  i 

present  height  above  the  Montiinvert,  and  wi-re  thu  latit 

I    place  counect«d  witli  the  summit  of  the  mountain  hy 

I    cuutinuous  gliuner  with  its  bed  absolutely  ^imootli,  tlie  f 

I    wire  lit  the  MouUinvert  Houhl  bi;  rather  under  that  i 
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sary  to  liquefy  the  ice  on  which  my  winter  observations 
were  made. 

If  it  be  urged  that,  though  the  temperature  near  the 
surface  may  be  several  degrees  below  the  freezing  point, 
the  great  body  of  the  glacier  does  not  share  this  tempera- 
ture, but  is,  in  all  probability,  near  to  32°,  my  reply 
is  simple.  I  did  not  measure  the  motion  of  the  ice  in  the 
body  of  the  glacier ;  nobody  ever  did ;  my  measurements 
refer  to  the  ice  at  and  near  the  surface,  and  it  is  this  ice 
which  showed  the  plastic  deportment  which  the  measure- 
ments reveal 

Such,  then,  are  some  of  the  considerations  which  prevent 
me  from  accepting  the  theory  of  Mr.  Thomson,  and  I  trust 
they  will  acquit  me  of  all  desire  to  make  his  theory  co- 
operate with  my  views.  I  am,  however,  far  from  con- 
sidering his  deduction  the  less  important  because  of  its 
failing  to  account  for  the  phenomena  of  glacier  motion. 


^^ 
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THE  PRESSURE-THEORY  OF  GLACIER-MOTION. 


(22.) 

Bboadly  considered,  two  classes  of  facts  are  preseDted  to 
the  glacier-observer ;  the  one  suggestive  of  viscosity,  and 
the  other  of  the  reverse.  The  former  are  seen  wheTepret- 
ture  conies  into  play,  the  latter  where  teiaion  is  operative. 
By  pressure  ice  can  be  moulded  to  any  shape,  while  the 
same  ice  snaps  shar[>ly  asunder  if  subjected  to  tension. 
Were  the  result  worth  tlie  labour,  ice  might  be  moulded 
into  vases,  statuettes,  bent  into  spiral  bars,  and,  I  doubt 
not,  by  the  proper  application  of  pressure,  a  rope  of  ice 
might  be  formed  and  coiled  into  a  knot.  But  not  one  of 
these  experiments,  though  they  might  be  a  thouaand-fold 
more  striking  than  any  ever  made  upon  a  glacier,  would 
in  the  least  demonstrate  that  ice  is  really  a  viscous  body. 

I  have  here  stated  what  I  believe  to  be  feasible.     Let 
me  now  refer  to  the  experiments  wliich  have  been  actually 


made  in  illustration  of  this  point.  Two  pieces  of  seasoned 
box-wood  had  corresponding  cavities  hollowed  in  them,  80 
that,  when  one  was  placed  upon  the  other,  a  lentionlar 
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wna   enclosed.     A  and   B,  Fig.  30,    represent   the 
jces  of  box-wood  with  the  cavities  in  plan :  c  represents 
r  section  when  they  are  placed  upon  each  other. 
KA  g}>hirg  of  ice  rather  more  tlian  sufficient  to  fill  the 
fBtieular  space  was  placed  between  the  pieces  of  wood 
1  subjected  to  the  action  of  a  small  hydraulic  press. 
B  ice  was  crushed,  bnt  t)ie  cnislied  fragments  Boon  re- 
ached themselves,  and,  in  a  few  Hcconda,  a  lens  of  coni- 
t  ice  was  taken  from  the  mould. 
BThia  lens  was  placed  in  a  cylintlrical  cavity  liollowed  out 
Isnother  piece  of  box-wood,  and  represented  at  c,  Fij.  31 ; 
1  a  flat   piece  of  the  wood  was  placed 
r  the  lens  as  a  cover,  as  ut  d.     On  sul»- 
sting  the  whole  to  pressnre,  the  lens  broki', 
■  the  sphere  had  done,  but  the  crushed 
toil  re-established  its  continiuty,  and  in  less 
Ud  half  a  minute  a  compact  cake  of  ice 
B  taken  fmm  the  mould. 
I  In  tlie  following  experiment  the  ice 
■bjected  to  a  still  severer  test : — A  bemi- 
dierical  cavity  was  formed  in  one  blwk  of 
i-wood,  and  upon  a  second  block  a  herai- 
Aierical  protuberance  was  turned,  smaller  than  thi 
■'that,  when  the  latter  was  placed  in  the  former, 
f  a  qoarter  of  an  inch  existed  between  both, 
resents  a  section  of  tlie  two 
Bces  of  box-wood ;  the  brass  pins 
'\  b,  fixed  in  the  slab  g  h,  and     , 
tering  suitable  apertures  in  the 
old    I  K,    being    intruded   to 
lep  the  two  surfaces  concentric,  i 
.  Iiunp   of  ice  being   placed  in  Fig.  si 

the  cavity,  the  protuberance  was  brought  down  njxm  it. 
and  the  mould  subjected  to  hydraulic  pressure ;  after  a 
lort  interval  the  ice  was  taken  from  the  taoiilA  *».  » 


El. 


^  L'livily. 
a  space 
Fig.  32 


fsis 


ICE  MOULDED  TO  CITS  AXD  BDJGS. 


nc-n. 


I  «tnix'tii  compact  cup.  its  crushed  particles  having  rennitedlj 
I  aiid  estikblislied  their  continuity. 

To  luako  tliese  results  more  applicable  to  the  bending  oC 

I  glacier-ic«,  the  following  experiments  were  made : — A  blocfe 

[  uf  box-nood,  m,  Fig.  33,  4  incites  long,  3  wide,  and  3  ^tep^ 

had  its  upper  Gurtace  slightly  cnrral, 

and  a  groove  an  inch  wide,  and  abosA 

an  inch  deep,  worked  into  it.   A  c 

eponding  plate  was  prepared,  Iiaving 

its  under  surface  part  of  a  convex  cj>4 

linder,  of  the  same  cimature  i 

I  concave  surface  of  tbe  former  piecai 

I  When  the  one  slab  was  placed  ttpon 

the  other,  they  presented  the  appeals 

ance  represented  in  section  at  N.     j 

straight  priam  of  ice  4  inches  lon^  ■ 

inch  wide,  and  a  little  more  than  t 

inch  in  depth,  was  placed  in  the  groove ;  the  uppst  e 

was  placed  upon  it,  aud  the  whole  was  subjected  to  the 

hydraulic  press.     The  prism  broke,  but,  Ibe  quantity  of  ic 

being  rather  more  than  sufficient  to  fill  the  groove,  it 

I  pressure  soon  brought  the  fragments  together  and  r 

I  blished  the  continuity  of  the  ice.     After  a  few  svconda  i 

was  taken  from  the  mould  n  beut  bar  uf  ice.     This  bai 

was   atWwardH   passed   through   three   other  moulds  o 

I  gradually   augmenting  curvature,    and    was    taken  fVon 

i  tin-  last  of  them  a  Kmi-rinff  of  compact  ice. 

The  ice,  in  changing  its  form  From  tliat  of  one  mould  ti 
'  that  of  another,  was  in  every  instance  broken  and  c 
'  by  tlie  pressure ;  but  suppose  that  instead  of  three  n 
I  three  tliousand  had  been  used ;  or,  better  still,  suppose  ti 
curvatice  of  a  single  mould  to  change  by  extremely  ■ 
degrees;  the  ice  would  then  so  gradually  cliangv  iU  fat 
\  that  no  rude  rupture  would  be  apparent.    Practically  ti 
I  iee   would   behayo   as  a  plastic  suhatauce;   and   iadM 
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this  plasticity  has  been  contended  for  by  M,  Agassiz,  in 
oppoaition  to  the  idea  of  viscosity.  As  already  stated,  the 
ice,  bruised,  and  llattened,  and  bent  in  the  above  experi- 
ments,  was  inoipable  of  being  sensibly  stretched ;  it  was 
plastic  to  pitissnre  but  not  to  tension. 

A  quantity  of  water  was  always  squeezed  out  of  the 
crashed  ice  in  the  above  exi)erinienta,  and  the  bruised 
fi-ogm^ntd  were  intermixod  with  this  and  with  air.  Minute 
quantities  of  both  remained  in  the  moulded  ice,  and  thus 
reudored  it  in  some  degree  turbid.  Its  character,  how- 
ever, as  to  continuity  may  be  inferred  from  the  tact  that 
the  ioe-cup,  moulded  as  -described,  held  water  without  the 
slightest  visible  leakage. 

Ice  at  32^  may,  as  already  stated,  be  crushed  with 
extremes  facility,  and  glacier-ice  with  still  more  readiness 
than  lake-ice :  it  may  also  be  scraped  with  a  knife  with 
even  greater  facility  than  some  kinds  of  chalk.  In  com- 
jjarisoii  with  ice  at  100''  below  the  freezing  point,  it  might 
be  po]iiiiarly  called  soft.  But  its  softness  is  not  that  of 
paste,  or  wax,  or  treacle,  or  lava,  or  honey,  or  tar.  It  is  the 
softness  of  calcareous  sj^ar  in  comparison  with  that  of  rock- 
crystal  ;  and  although  the  latter  is  incomparably  harder 
than  the  former,  I  think  it  will  bo  conceded  that  the  term 
viscous  would  be  equally  inapplicable  to  both.  My  object 
here  is  clearly  to  define  terms,  and  not  permit  physical 
error  to  lurk  beneath  them.  How  far  this  ice,  with  a  soft- 
ness thus  defined,  when  subjected  to  the  giadual  pri'ssurea 
exerted  in  a  glador,  is  brtuned  and  broken,  and  how  far  the 
motion  of  its  parts  may  approach  to  tliat  of  a  truly  >'iacnua 
body  under  pressure,  I  do  not  know.  The  critical  point 
here  is  that  the  ice  changes  its  form,  and  preserves  its 
continuity,  during  its  motion,  in  virtue  of  external  force. 
It  remains  continuous  whilst  it  moves,  because  ite  par- 
ticles are  ke[it  in  juxta-position  by  pressure,  and  when 
I  exl4>mal  prop  is  removed,  and  the  ice,  snbjected  to 
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tension,  has  to  depend  solely  upon  the  mobility  of  its 
own  particles  to  preserve  its  continuity,  the  analogy  with 
a  viscous  body  instantly  breaks  down.* 


m  i( 


Imagine,"  writes  Professor  Forbes,  "a  long  narrow  trough  or  canal, 
stopped  at  both  ends  and  filled  to  a  considerable  depth  with  treacle,  lioney, 
tar,  or  any  such  viscid  fluid.  Imagine  one  end  of  the  trough  to  give  way, 
the  bottom  still  remaining  horizontal :  if  the  friction  of  the  fluid  against  the 
bottom  be  greater  than  the  friction  against  its  own  particles,  the  upper 
strata  will  roll  over  the  lower  ones,  and  protrude  in  a  convex  slope,  wbidi 
wiU  be  propagated  backwards  towards  the  other  or  closed  end  of  the 
trough.  Had  the  matter  been  quite  fluid  the  whole  would  have  run  out, 
and  spread  itself  on  a  level :  as  it  is,  it  assumes  precisely  the  conditions 
which  we  suppose  to  exist  in  a  glacier."  This  is  perfectly  definite,  and 
my  equally  definite  opinion  is  that  no  glacier  ever  cxliibited  the  me- 
chanical effects  implied  by  this  experiment. 


FARADAVS  FIRST  EXPERIMENT. 


REGELATIOK. 

(23.) 

led  to  the  foregoing  results  by  refiectiiig  on  t 
iriment  perfonned  by  Mr.  Fara<lay,  at  a  Friday 
ing  meeting  of  the  Koyal  Imtitution,  on  the  7th 
June,  1850,  and  described  in  the  "AthenieuTu'  and 
irary  Gazette'  for  the  aame  month.  Mr,  Faraday 
showed  that  when  two  pieces  of  ice,  with  moistened 
snrfaces,  were  plaoed  ia  contact,  they  became  cemented 
together  by  the  freezing  of  the  fihn  of  water  Ijetween 
them,  while,  when  the  ice  was  below  32°  Fahr.,  and 
therefore  dri/,  no  effect  of  the  kind  could  bt;  produced. 
The  freezing  was  also  found  to  take  place  under  water ; 
indeed  it  occurs  even  when  the  water  in  which  the 
is  plunged  is  aa  hot  aa  the  hand  can  bear. 

generalisation  from  this  interesting  fact  led  me  to 
lude  that  a  bmised  mass  of  ice,  if  closely  confined, 
re-cement  itself  when  its  particles  are  brought  into 
It  by  pressure ;  in  fact,  the  whole  of  the  experi- 
mts  above  recorded  Immediately  suggested  themselves 
to  my  mind  as  natural  deductions  from  tlie  principle  esta- 
blished by  Faraday.  A  rough  preliminary  exjieriment 
assured  mc  that  the  dedtictions  would  stand  testing ;  and 
the  construction  of  the  bos-wooil-moulds  was  tlic  conse- 
ijuence.  We  could  doubtless  mould  many  solid  substances 
iliy  extent  by  suitable  pressure,  breaking  the  attach- 
t  of  tlieir  particles,  and  re-establishing  a  certain  con- 
ity  by  the  mere  force  of  cohesion.  With  such  stib- 
BtanciM,  to  which  we  should  never  tliink  of  applying  the 
term  viscous,  we  might  also  imitate  the  changes  of  form  to 
which  glaciers  are  subject:  but,  sui>cniddod  to  the  men> 
ion  which  here  comes  into  play,  we  have,  in  the  case  of 
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ice,  the  actual  regeleition  of  the  severed  surfaces,  and  ooiise> 
quently  a  more  perfect  solid.  In  the  Introduction  to  this 
book  I  have  referred  to  the  production  of  slaty  cleavage  by 
pressure ;  and  at  a  future  page  I  hope  to  show  that  the 
lamination  of  the  ice  of  glaciers  is  due  to  the  same  cause ; 
but,  as  justly  observed  by  Mr.  John  Ball,  there  is  no  ten- 
dency to  cleave  in  the  sound  ice  of  glaciers ;  in  fact>  thtt 
tendency  is  obliterated  by  the  perfect  regelation  of  the 
severed  surfaces. 

Mr.  Faraday  has  recently  placed  pieces  of  ice,  in  water, 
under  the  strain  of  forces  tending  to  pull  them  apart. 
When  two  such  pieces  touch  at  a  single  point  they  ad^ero 
and  move  together  as  a  rigid  piece ;  but  a  little  lateral 
force  carefully  applied  breaks  up  this  union  with  a  crack- 
ling noise,  and  a  new  adhesion  occurs  wliich  holds  the 
pieces  together  in  opposition  to  the  force  which  tends  to 
divide  them.  Mr.  James  Thomson  had  referred  regelation 
to  the  cold  produced  by  the  liquefaction  of  the  pressed  ice ; 
but  in  the  above  experiment  all  pressure  is  not  only  taken 
away,  but  is  replaced  by  tension.  Jlr.  Thomson  also  con- 
ceives that,  when  pieces  of  ice  are  simply  placed  togethjBf 
without  intentional  pressure,  the  capillary  attraction  brings 
the  pressure  of  the  atmosphere  into  play ;  but  Mr.  Faraday 
finds  that  regelation  takes  place  in  vcunio.  A  true  viscidity 
on  the  part  of  ice  Mr.  Faraday  never  has  observed,  and  he 
considers  that  his  recent  experiments  support  the  view 
originally  propounded  by  himself,  namely,  that  a  particle 
of  water  on  a  surface  of  ice  becomes  solid  when  placed 
between  two  surfaces,  because  of  the  increased  influence 
due  to  their  joint  action. 


HOW  CRYSTALS  AKE  -NUBSED." 


CRYSTALLIZATION  AND  INTEENAL  LIQUE- 
FACTION. 


(24.) 

Introduction  tn  this  book  I  have  briefly  referred  to 
fore*?  of  crrsttillization.     To  pennit  this  forco  to  pxer- 
its  full  influence,  it  must  have  free  and  unimpeded 
crystal,  for  instance,  to  be  properly  built,  ought 
he  siisi)entled  in  the  middle  of  the  crystallizing  eolu- 
Bo  that  the  little  arcliiteots  can  work  all  round  it; 
if  placed  upon  the  bottom  of  a  vessel,  it  ought  to  be 
lUently  turned,  so  that  all   its  facets  may  be  ancces- 
ly  subjected  to  the   building  process.     In   this  way 
1b  can  be  nurged  to  an  enormous  size,     But  where 
forces  nunglo  with  that  of  crystallization,  this  har- 
ly  of  action  is  destroyed;  the  figures,   for   example, 
we  see  upon  a  glass  window,  on  a  frosty  morning, 
due  tti  an  action  compounded  of  the  pure  crystalline 
and  tlie  cohesion  of  the  Uquid  to  the  window-pane, 
lore  regular  effect  is  obtained  when  the  freezuig  par- 
are  suspended  in  still  air,  and  here  they  build  them- 
Belves  into  those  wonderful  figures  which  Dr.  Scoresby  has 
observed  in  the  Polar  Eegions,  Mr.  Glaisber  at  Greenwich, 
I  myself  on  the  summit  of  Monte  Rosa  and  elsewhere. 
ot  only  however  in  air,  but  in  wat«r  also,  fignres  of 
it  beauty  arf-  sometimes  formed.     Harrison's  excellent 
machine  for  tlio  production  of  artificial  ice  is,  I  suppose, 
now  well  known ;    tJie  freezing  being  effected  by  carrj-ing 
brine,  which  had  been  cockled  by  the  evaporation  of  ether, 
round  a  series  of  flat  tin  vessels  containing  water.     The 
latter  gruduiUly  freezes,  and,  on  watching  those  vessels 
vhilo  the  action  was  proceedmg  very  slowly,  1  have  seen 
six-rayed  stars  of  thiu  ice  fonuliig,  and  ruilog  to  iha 
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I  surface  of  the  liquid.     I  believe  the  fact  wrta  never  befcff* 
I  observod,  but  it  would  be  interesting  to  follow  it  tip,  ruu 
I  to   develop  experimentally  this  most  interesting  case  Q 
crystiillization. 

The  surface  of  a  freezing  lake  presents  to  the  eye  of  tho 
k  observer  nothing  wliieh  could  lead  him  to  suppose  tliat 
I  s  gimilar  molecular  arcJutectiire  is  going  on  there.  StiU 
the  particles  are  undoubtedly  relate<l  to  each  other  in  thi 
way ;  they  are  arranged  together  on  tliis  stitrry  tyyie.  Ami 
not  only  is  this  the  case  at  the  surface,  but  the  Iarg«sk 
blocks  of  ice  which  reach  us  from  Norway  and  the  WeB^ 
1mm  Lake  are  wholly  built  uji  iu  this  way.  We  can  re-* 
veal  the  internal  constitution  of  these  masses  by  a  reverse 
process  to  that  which  formed  (hem :  we  can  send  an  agent 
into  the  interior  of  u  mas.^  of  iee  which  shall  take  down 
the  atoms  which  the  cryBtallizing  forces  had  set  up- 
This  agent  is  a  solar  beaut ;  with  which  it  firet  m'cmred 
to  me  to  make  this  simple  experiment  in  the  autumn  of' 
1857.  I  placed  a  large  convetging  lens  in  the  suiibeami 
passing  throng])  a  room,  and  observed  the  place  where 
rays  were  brought  to  a  focus  behind  the  lens;  then 
ing  the  lena,  I  placed  a  clear  enbe  of  ice  so  that  the  pojol 
of  oonvergence  of  the  rays  might  fall  witlun  it.  Od 
moving  the  screen  from  the  lens,  a  cone  of  sunlight  W) 
through  the  cube,  and  along  the  course  of  the  cnne  &m 
ice  became  studded  with  lustrous  spota,  evidently  formed 
by  the  beam,  us  if  minute  reflectors  liud  been 
denly  established  within  the  mass,  from  whicJi  the  ligl 
Hashed  when  it  met  t.bem.  On  examining  the  cube  ofte 
'  wards  J  found  that  each  of  these  spots  was  surrounded  by 
liquid  flower  of  six  petals ;  such  flowers  were  distributed  ja 
hundreds  fhrougli  the  ice,  being  usuiJly  clear  and  dotaidiM 
from  eacJi  other,  but  sometimes  crowded  together 
liquid  bouquets,  through  which,  however,  tlio 
element  could  be  plainly  tmce<l.    At  first  tlie  edges  of 
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wiee  were  unbroken  cmreB,  but  when  the  flowers  expanded 
ler  a  long-continued  action,  the  edges  l>ecanie  serrated. 
K>n  the  ice  was  held  at  a  suitable  angle  to  the  solar 
tliesw  lji|md  blossoms,  with  their  central  siwts 
Ding  more  intensely  than  tjumislieil  silver,  presented 
an  exhibiliou  of  beauty  not  easily  desfribcd.  I  bave  given 
a  sketch  of  their  appearance  in  Fig,  31. 


I  liave  here  to  direct  attention  to  an  extremely  curious 

On  sending  the  sunbeam  through  the  transparent 

i  I  often  noticed  that  the  appearance  of  the  lustrous 

)  was  accompanied  by  an  audible  cHuk,  as  if  the  ice 

ruptured    inwardly.     But   there   is  no  ground   for 

ioming  such  rujiture,  and  ou  the  closest  examination 

y  daw  is  exhibited  by  the  ice.     What  then  can  be  tlie 

e  of  the  noise  ?    I  believe  the  following  considerations 

I  answer  the  question : — 

"VS'atcr  always  holds  a  quantity  of  air  in  solution,  the 

difl'usiou  of  which  through  the  liquid,  as  proved  by  M. 

Donuy.  has  an  immense  effect  in  weakening  the  cohesion 

s  particles;  recent  exijorimeiits  uf  my  own  show  that 

I  is  also  the  case   in   an  eminent  degree  with  many 

tntile  liquids.     M.  Douny  has  proved  that,  if  water  be 

oughly  purged  of  its  air,  a  long  glass  tube  filled  with 
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this  liquid  may  be  inverted,  wliile  tlie  tenacity  with  which 
the  water  cliugs  to  the  tube,  and  with  which  its  jiarticlofl 
oling  to  each  other,  ia  bo  great  that  it  will  remain  securdj 
Buspeuded,  though  no  external  hindrance  be  offered  to 
its  dearent.  Owing  to  tht;  same  cauei?,  water  deprived  of  its 
air  will  not  boil  at  212°  Fahr.,  and  may  be.  rai)>ed  to  a  tem- 
perature of  nearly  300°  without  boiling;  but  when  tium 
occurs  the  particles  break  their  coheaion  suddenly,  &iid\ 
ebullition  is  converted  into  explosion. 

Now,  when  ice  is  fonlied,  every  trace  of  the  air  which 
the  water  contained  ia  squeezed  out  of  it ;  the  particles  il 
crystaliizing  reject  all  extraneous  matter,  so  that  in  ice  Wi 
have  a  substance  quite  tree  from  the  air,  which  is  ueveq 
absent  in  the  case  of  water ;  it  therefore  follows  Uiat  if  « 
could  preserve  the  water  derived  from  the  melting  of  ioa 
from  contact  with  the  atmosphere,  we  sliould  have  a  liquid 
eminently  calculated  to  show  the  effects  descTibed  by  M, 
Donny.  Mr,  Faraday  has  proved  by  actual  t 
that  this  is  the  case. 

Let  lis  apply  these  facts  to  the  explanation  of  Q19  cM 
heard  in  my  experiments.  On  sending  a  sunbeam  tlirougl) 
ioe,  liquid  cavities  are  suddenly  formed  at  various  puJlibl 
vithin  the  mass,  and  these  cavities  are  completely  cut  « 
from  atmospheric  contact  But  the  water  formed  by  tb4 
melting  ice  is  less  in  volume  than  the  ice  which  prodoc 
it ;  the  water  of  a  caWty  is  not  able  to  fill  it,  hence  t 
vacuous  space  must  be  formed  in  the  cclL  I  have  04 
doubt  tliut,  for  a  time,  tbo  strong  cohesion  between  tin 
walls  of  the  c*Il  and  the  drop  within  it  augments  till 
volume  of  the  latter  a  little,  bo  as  to  compel  it  to  W  tlu 
cell ;  hut  as  the  quantity  of  liquid  becomes  greater  tlu 
Bhrmkiug  force  augments,  until  finally  tlie  particles  i 
osiwder  Uku  a  broken  spruig.  At  the  same  moinent  | 
luBtrous  spot  appears,  which  is  a  vacuum,  and  aimn\ 
toiK-ously  with  Uiu  appcjirauce  of  tliis  vacuum  ilto  cUnl 
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E  always  heard.  Multitudes  of  sucli  little  explosions 
t  be  heard  upon  a  glacier  when  the  strong  summer 
rnn  ahinea  upon  it,  the  aggregate  of  which  must,  1  think, 
contribute  to  produce  the  "  crepifattion "  noticed  by  M, 
Agaasiz,  and  to  which  I  have  already  referred. 

lu  Plate  YI.  of  the  Atlas  which  accompanies  the  '  Sya- 
tfemo  Glaciaire '  of  M,  Agassiz,  I  notice  drawings  of  figures 
like  those  1  have  described,  which  he  has  observed  in  glacier- 
ice,  and  which  were  doubthwts  produced  by  direct  solar  radia- 
tion. I  have  often  myself  observed  figures  of  exquisite 
beauty  formed  in  the  ice  on  the  surface  of  glacier-pools  by 
the  morning  stui.  In  some  cases  the  spaces  between  the 
leaves  of  the  Uquid  flowers  melt  partially  away,  and  leave 
the  central  spot  surrounded  by  a  crimi>ed  border;  sometimes 
these  spaces  wholly  disappear,  and  the  entire  space  bounded 
by  the  lines  drawn  from  point  to  point  of  the  leaves  be- 
comes liquid,  thus  forming  perfect  hexagons.  The  critaped 
borders  exhibit  different  degrees  of  serration,  from  the 
full  leaves  themselves  to  a  gentle  nndulating  line,  which 
latter  sometimes  merges  into  a  perfect  circle.  In  the  ice 
of  glaciers,  I  have  seen  the  internal  licjuefaction  ramify 
itself  like  sprigs  of  myrtle ;  in  the  same  ice,  and  par- 
H^ieularly  towards  the  extremities  of  the  glacier,  disks  innu- 
^^Rwrable  are  also  formed,  consisting  of  Hat  round  liquid 
^^^[Iftces,  a  bright  spot  being  usually  associated  with  each. 
These  spots  have  been  hitherto  mistaken  for  air-bubbles ; 
but  both  they  and  the  lustrous  disks  at  the  centres  of  the 
flowers  are  vacuous.  I  proved  them  to  be  bo  by  plunging 
the  ice  containing  them  into  hot  water,  and  watching 
what  ocenrred  when  the  walls  of  the  cells  were  dissolved, 
and  ft  liquid  connexion  establislied  between  them  and  the 
atmosphere.  In  all  cases  they  totally  collapsed,  and  no 
trace  of  air  rose  to  the  surface  of  tlio  warm  water. 

No  matter  in  what  direction  a  solar  beam  is  sent  tlirough 
D-ice,  the  liquid  flowers  are  all  formed  parallel  to  the 
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I  surface  of  freezing.  The  beam  may  be  sent  parallel,  peP" 
I  pendicular,  or  oblique  to  thia  surface ;  the  flowers  ; 
I  always  formed  in  the  same  planes.  Every  line  perpend^ 
cular  to  the  surface  of  a  frozea  lake  is  in  fact  an  axis  c 
BjTumetTy,  roimd  which  tlie  molecuies  so  arran^  tbemir 
I  Bekea,  that,  when  taken  down  by  tlie  delicate  fingers  of  tlia 
I  8unl)eam,  the  six-leaved  liquid  flowere  are  the  result. 

In  the  ice  of  glaciers  we  Imve  no  definite  planes  < 
freezing.  It  is  first  snow,  which  has  been  disturbed  h 
winds  while  falling,  and  whirled  and  tossed  about  by  tli 
'  same  agency  afler  it  has  fallen,  being  often  meltod,  b 
Bted  with  its  own  water,  and  refrozen :  it  Is  cast  in  shattered 
fragments  down  cascades,. and  reconsolidated  by  [ 
at  the  bottom.  In  ice  so  formed  and  subjected  to  eac^ 
mutations,  definite  planes  of  freezing  are,  of  course,  out  o 
the  question. 

The  flat  round  disks  and  vacuous  spots  to  which  I  hsTS 

referred  come  here  to  our  aid,  and  furnish  us  witli  an  entirelf 

new  means  of  analysing  the  internal  constitution  of  a  glacier. 

^"hen  we  examine  a  mass  of  glacier-ice  which  contains  tJ 

disks,  we  find  them  lying  in  all  imaginable  jilauos ; 

confusedly,  however — closer  examination  shows  as  that  tbt 

disks  are  arranged  in  grouj»s,  the  members  of  each  group 

being  parallel  to  a  common  plane,   but  the  parallelun 

cuases  when  difi'erent  groujis  are  compared.     The  effect  V 

exactly  what  would  be  observed,  supjiosing  ordinary  L 

[  ice  to  be  broken  np.  shaken  together,  and  the  conf 

I  fragments  regelated  to  a  compact  continuous  mass.    I 

\  such  a  jumble  the  original  planes  of  freezing  would  lie  i 

I  various  directions ;   but  no  mutter  how  compact  or  how; 

transparent  ice  thus   constituted   might  appear,  a   : 

beam  woidd  at  once  reveal  its  internal  constitution  iff 

I  developing  the  flowers  parallel  to  tlie  planes  of  frecxing  o 

the  respective  fragments.    A  sunbeam  sent  through  glaeioF 

ice  always  reveals  the  Howcrs  in  the  planes  of  the  diaki,  ■ 
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;  tlio  latter  alone  at  once  iuforms  us  of  its  crj'stalline 
ititiitioa. 

hitherto,  as  I  have  said,  these  dieks  have  been  mistaken 

I  bubbles  containing  air,  and  their  Hattening  has  been 

^bed  to  tlie  pressure  Ut  which  tliey  have  been  subjected. 

kAgassiz  thus  refers  to  them: — "The   air-bubbles   nn- 

o  no  less  curious  modifications.  In  the  neighbourhood  of 

^  n^«^.  where  they  are  most  numerous,  tliose  which  one 

I  on   the   aurfsL-e  are  all  spherical  or  ovoid,  but  by 

roes  they  begin  to  be  flattened,  and  near  the  end  of  the 

Cier  there  are  some  that  are  so  fiat  tfiat  they  miffht  he 

i  for  JUgurce   when   teen   in  profile.      The   drawing 

Bents  a  piece  of  ice  detached  from  the  gallery  of  infil- 

AJl  the  bubbles  are  greatly  flattened.     But  what 

piost.  extraordinary  is,  that,  far  from  being  uniform,  the 

ming  w  different  in  each  fragment ;  so  that  the  bubbles, 

jording  to  tlie  face  which  they  ofl'er,  appear  either  very 

broad   or  very  thin."     This  descrijition  of  glacier-ice  is 

correct :  it  agrees  with  the  statements  of  all  other  observ- 

Eut   there  are  two  asaiimptious  in  the  description 

Uch  must  henceforth  be  given  up ;    flrst,  the  bubbles 

Q  like  fissures  iu  profile  are  not  air-bubbles  at  all,  but 

i  spots,  which  the  very  conatitntion  of  ice  renders 

laary  concomitant  of  its  inward  melting ;  secondly, 

B  assumption  that  the  bubbles  have  been  fhatened  by 

I  must    be   abandoned ;  for  they  are  found,  and 

T  bo  developed  at  will,  iu  lake-ice  on  which  no  pres- 

Q  has  been  exerted. 

Uut  these  remarks  dispose  only  of  a  certain  class  of  cells 
tained  in  glacier  ice.  Besides  tbc  liquid  disks  and 
ruons  spots,  there  are  innumerable  true  bubbles  en- 
Igled  in  the  mass.  These  have  oli^o  been  observed  anil 
icribed  by  itt,  Agaitsiz;  and  Mr,  lliixley  has  also  given 
|,an  )u;cnrate  account  of  them.  KI.  ^Vgassiz  frequently 
and   water  associated  in   the   same  cell.    Mr. 
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Huxley  found  no  exception  to  the  rule :  in  each  case  t 
bubble  of  air  was  enoloeed  in  a  cell  wliicli  was  also  partisUj 
filled  with  water.     He  suppoi^eB  that  the  wnter  may  be  thai 
of  the  originally-meIt«d  suow  which  has  been  carried  dowj 
from  the  n^v^  unfrozen.     Tliia  hypothesis  is  worthy  at  i 
great  deal  more  consideration  than  I  have  had  time  to  g 
to  it,  and  I  etate  it  here  in  the  hope  that  it  will  be  c 
examined. 

My  own  experience  of  these  associated  air  and  i 
cells  is  derived  almost  exclusively  from  lake-ice,  in  which  1 
have  often  observed  them  in  considerable  uumben.  Is 
examining  whether  the  liquid  contents  had  ever  1 
frozen  or  not,  I  was  guided  by  the  following  considerationa 
If  the  air  be  that  originally  entangled  in  the  solid,  it  y 
have  the  ordinary  atmospheric  density  at  least ;  but  if  it  b 
due  to  tlio  melting  of  tlie  waUs  of  the  cell,  then  the  v 
80  formed  being  only  eiglit-ninths  of  that  of  the  ice  which 
produced  it,  the  air  of  tlie  bubble-  mvet  be  rarefied, 
suppose  I  have  made  a  Imndred  different  exi»6riments  npa 
these  bubbles  to  determine  whether  the  air  was  rarefied  o 
not.  and  in  every  case  found  it  so.  Ice  contuining  liu 
bubbles  was  immersed  in  warm  water,  and  always,  wha 
the  rigid  envelope  surrounding  a  bubble  was  melted  awvfi 
the  air  suddenly  collapsed  fo  a  fraction  of  its  origiaa 
dimensions.  I  think  I  may  safely  afRrm  that,  in  i 
cases,  the  collapse  reduced  the  bubblee  to  the  thonaaodtl 
part  of  their  original  volume.  From  iheee  experimenta  1 
should  undoubtedly  infer,  that  in  lake-ice  at  least,  H 
liquid  of  the  cells  is  produced  by  the  melting  of  the  ii 
eurrounding  the  bubbles  of  air. 

But  I  have  not  subjected  the  bubbles  of  glacier-ioe  t( 

the  same  searching  examination.     I  have  tried  whethe 

the  in!!!ertion  of  a  pin  would  produce  the  colla|isR  oftb 

L   bubbles,  but  it  did  not  api)ear  to  cIo  so.    !  also  inado  a  fei 

I  exi'Qriments  at  Eosenlaui,  with  warm  water,  but  ihv  raaol 
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I  not  nfltisfttctory.  That  ice  melts  internally  at  the 
ees  of  the  bubbles  is.  I  tliink,  rendered  cei-tain  by  my 
vxperimcnta,  but  whether  the  wateiM;ells  of  glacier-ice 
arc  eutirely  due  to  such  melting,  subaequeot  observers 
will  DO  iloubt  dftermine. 

_,'!  have  found  these  composite  bubbleB  at  all  parts  of 
;  in  tlie  ice  of  the  moraines,  uver  which  a  protective 
rering  had  been  thrown ;  in  the  ico  of  sand-cones,  after 
the  removal  of  the  superincumbent  debris;  also  in  ice 
taken  from  the  roofs  of  caverns  formed  in  the  glacier,  and 
which  the  direct  sun-light  conld  hardly  by  any  possibility 
attain.  That  ice  should  liquefy  at  the  surface  of  a  cavity 
is,  I  think,  in  conformity  with  all  we  know  concerning  the 
^jibysicul  nature  of  heat.  Bearding  it  as  a  motion  uf  the 
K^Hlicles,  it  is  easy  to  see  that  this  motion  is  less  restrained 
^^g(  the  surface  of  a  cavity  than  in  the  solid  itself,  where 
^Ftfie  oscillation  of  each  atom  is  controlled  by  the  particles 
which  surroimd  it ;  hence  liquid  liherty,  if  I  may  use  the 
term,  le  tirst  attained  at  tlie  siufao^  Indeed  J  have  proved 
by  experiment  that  ice  may  be  molted  internally  by  heat 
which  has  been  conducted  through  its  external  portions 
without  melting  them.  These  facts  arc  the  exact  com- 
plements of  those  of  "  regelation ;"  for  here,  two  moist  sur- 
faces of  ice  being  brought  into  close  contact,  their  liquid 
liberty  is  destroyed  and  the  surfaces  &'eeze  together. 
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THE  MOULINS. 

(25.) 

The  first  time  I  had  an  opportunity  of  seeing  theee 
remarkable  glacier-chimneys  was  in  the  summer  of  1856| 
upon  the  lower  glacier  of  Grindelwald.  Mr.  Huxley  mB 
my  companion  at  the  time,  and  on  crossing  the  so-called 
Eismeer  we  heard  a  sound  resembling  the  rumble  of  distant 
thunder,  which  proceeded  from  a  perpendicular  shaft 
formed  in  the  ice,  and  into  which  a  resounding  cataract 
discharged  itself.  The  tube  in  fact  resembled  a  vast  organ- 
pipe,  whose  thunder-notes  were  awakened  by  the  concussion 
of  tlie  falling  water,  instead  of  by  the  gentle  flow  of  a 
current  of  air.  Beside  the  shaft  our  guide  hewed  steps,  on 
which  we  stood  in  succession,  and  looked  into  the  tre- 
mendous hole.  Near  ihe  first  shaft  was  a  second  and 
smaller  one,  the  significance  of  which  I  did  not  then 
understand  ;  it  was  not  more  than  20  feet  deep,  but 
seemed  filled  with  a  liquid  of  exquisite  blue,  the  colour 
being  really  due  to  the  magical  shimmer  from  the  walls 
of  the  moulin,  which  was  quite  empty.  As  far  as  we 
could  see,  the  large  shaft  was  vertical,  but  on  dropping  a 
stone  into  it  a  shock  was  soon  heard,  and  after  a  succession 
of  bumps,  which  occupied  in  all  seven  seconds,  we  heard  the 
stone  no  more.  The  depth  of  the  moulin  could  not  be  thus 
ascertained,  but  wo  soon  found  a  second  and  still  larger  one 
which  gave  us  better  data.  A  stone  dropped  into  this  de- 
scended without  interruption  for  four  seconds,  when  a  con- 
cussion was  heard ;  and  three  seconds  afterwards  the  final 
shock  was  audible :  there  was  thus  but  a  single  interruption 
in  the  descent  Supposing  all  the  acquired  velocity  to  have 
been  destroyed  by  the  shock,  by  adding  the  space  passed 
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(r  by  the  stone  in  four  and  in  three  seconds  respectively, 
making  allowance  for  the  time  required  by  the  sound 
i/u  oscend  from  the  bottom,  we  find  the  depth  of  the  shaft 
to  be  tibout  345  feet.  There  ia,  however,  no  reason  to 
6n}ipoBO  that  this  measures  the  depth  of  the  glacier  at 
the  place  referred  to.  These  shafts  are  to  be  found  in 
almost  all  great  glaciers ;  they  are  very  numerous  in  the 
Unteraar  glacier,  numbers  of  them  however  being  empty. 
On  the  Mer  de  Glace  they  are  always  to  bo  found  in  the 
region  of  Trtjlaporte,  one  of  the  sliafts  there  being,  ^nr 
excelleiwe,  called  the  Grand  Moulin.  Many  of  them  also 
occur  ou  the  Glacier  de  Lechand. 

As  truly  observed  by  M.  Agasaiz,  these  moulins  occur 
only  at  thoee  pnrte  of  the  glacier  which  are  not  much  rent 
by  fissures,  for  only  at  such  portions  can  the  little  rills 
produced  by  superficial  melting  collect  to  form  streams 
of  any  magnitude.  The  valley  of  unbroken  ice  formed  in 
the  Mer  de  Glace  near  Trelaporte  is  peculiarly  favourable 
for  the  collection  of  such  streams ;  we  see  tho  little  rills 
commencing,  and  enlarging  by  the  contributions  of  others. 
the  trunk-rill  pouring  its  contents  into  a  little  stream 
which  stretches  out  a  hundred  similar  arms  over  the  sur- 
foce  of  the  gliiciiir.  Heveral  such  streams  join,  and  finally 
a  considerable  brook,  wliich  receives  the  superficial  drainage 
of  n  large  area,  cuts  its  way  tlirough  tlio  ice. 

But  although  tJiis  |x»rtion  of  the  glacier  ia  free  from 
those  long-continued  and  permanent  strains  which,  having 
once  rent  tlie  ice,  tend  subsequently  to  widen  the  rent  and 
produce  yawning  crevasses,  it  is  not  free  from  local  strains 
gufiicient  to  prodnce  crae/a  which  penetrate  the  glacier  to 
a  great  de])th.  Imagine  such  a  crack  intersecting  such 
a  glacier-rivulet  as  wo  have  described.  The  water  rushes 
down  it,  and  soon  scoops  a  funnel  large  enough  to  engulf 
the  entire  stream.  The  moulin  is  thus  formed,  and,  as  the 
^MB  moves  downward,  the  sides  of  the  crack  are  styiftiix^A. 
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together  and  regelated,  the  seam  which  marks  th^  lioi 
of  juDction  being  in  moat  caaes  distinctly  visible.  Bn 
as  the  motion  continnea,  other  portions  of  the  glacier  c 
into  the  Game  state  of  strain  as  that  which  prodaced  1 
first  crack;  a  second  one  is  formed  across  the  stmaiq 
the  old  shaft  is  forsaken,  and  a  new  one  is  hollowed  ool 
in  which  for  a  season  the  cataract  plays  the  thunderer,  ! 
liave  in  some  cases  counted  the  forsaken  shafts  of  ai 
old  moultns  in  advance  of  an  aiitive  one.  Not  far  f 
the  Grand  Moulin  of  the  Mor  de  Glace  in  1857  there  v 
a  second  empty  shaft,  which  evidently  communicated  bj 
a  subglacial  duct  with  that  into  which  the  torreut  ' 
precipitated.  Oat  of  the  old  orifice  issned  a'  strong  cold 
blast,  the  air  being  manifestly  impelled  through  the  dad 
by  the  falling  water  of  the  adjacent  mouliu. 

These  shafts  are  always  found  in  the  same  locality ;  tin 
portion  of  the  Mer  de  Glace  to  which  I  have  referred  i 
never  without  them.  Some  of  the  guides  affirm  tbat  tb^ 
are  motionless ;  and  a  stutemeiit  of  Prof.  Forbes  haa  L 
to  the  belief  that  this  was  also  hia  opinion.*  31,  Agassi^ 
however,  observed  the  motion  of  some  of  these  shaffa 
upon  the  glacier  of  the  Aar;  and  when  on  the  spot  i 
1857,  I  was  anxloOR  to  decide  the  point  by  aocoial 
measurements  with  the  theodolite. 

ft[y  friend  BIr.  Ifirst  took  charge  of  the  instrument,  an 
on  the  t^th  of  July,  I  fixed  a  single  stake  beside  the  Grand 
Moulin,  in  a  straight  liue  between  a  station  at  Tr^lapoitl 
and  a  well-defined  mark  on  the  rock  at  the  op]K>aite  adi 
of  the  valley.  On  tlie  .31st,  the  displacement  of  the  s 
amountfd  to  50  inches,  and  on  the  Ist  of  August  i 
moved  Hi  inches — tlie  moulin,  to  all  ap])earance,  occujij 
ing  throughout  the  same  position  with  regard  to  the  8 

*  "  Rrerr  ymu.  ODil  ^cor  aSlvi  venr.  Die  wntcrcoiusM  follnw  Umi  M 
lioes  uf  dirin'tiuo — tliuir  stiviuiia  ikra  prwiipiUled  iuU>  Wn>  liwwt  of 
glnrirr  by  TerHonJ  futuu'K  cnllfd  '  monlin*,'  at  Uio  very  aatae  pointe, 
Forhps'a  Fuurth  Letter  upon  Glncltra;  'Ooc.  Vaf.',  p.  20. 
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To  render  this  certain,  moreover  we  subaeqiiently  drove  two 
additional  stakea  into  the  ice,  thus  onclosing  the  mouth 
of  the  shaft  in  a  triangle.  On  the  Sth  of  August  the 
displacements   were    measured    and    gave  the   following 

teavlta: — 

tFint  (old)  stoke ISSincheal 
Becond  (Dew)  do 12S     „ 
Tliird      12*     ., 
old  stake  had  been  fixed  for  11  days,  and  its  daily 
motion — which   was  alao   that    of   the    mouUn — averaged 
18  inches  a-day.     Hence  the  monlins  sbire  tlie  general 
motion  of  the  glacier,  and  their  apparent  permanence  is 
not,  as  has  been  alleged,  a  proof  of  the  semi-fluidity  of  the 
glacier,  but  ia  due  to  the  breaking  of  the  ice  as  it  passeB 
the  place  of  local  strain. 

Wishing  to  obtain  some  estimate  aa  to  the  depth  of 
the  ice,  Mr.  Hirst  undertook  the  sounding  of  some  of  tlie 
moulins  upon  the  Glacier  de  Lechaud,  making  use  of  a 
tin  vessel  tilled  with  lumps  of  lead  and  iron  as  a  weight, 
The  cord  gave  way  and  he  lost  his  plummet.  To  measure 
the  depth  of  the  Grand  Moulin,  we  obtained  fresli  cord 
from  Chamouni,  to  wliich  we  attached  a  four-pound  wt-ight. 
Into  a  cavity  at  the  bottom  of  the  weight  we  stuflbd  a  quan- 
tity of  butter,  to  indicate  the  nature  of  the  bottom  against 
which  the  weight  might  strike.  The  weight  was  drop[)ed 
into  the  shaft,  and  the  cord  paid  out  until  its  slackening 
informed  us  tliat  the  weight  had  come  to  rest ;  by  shaking 
the  string,  however,  and  woUung  round  the  edge  of  the 
t,  tJie  weight  was  liberated,  and  sank  some  distance  fiip. 
The  cord  partially  slackened  a  second  time,  but  the 
1  still  remaining  was  sufticient  to  render  it  doubtAU 
■ether  it  won  the  weight  or  the  action  of  the  falling  water 
hich  produced  it.  We  accimlingly  paid  out  the  cord  to 
D  cud,  but,  on  withdrawing  it,  found  that  the  greater  part 
I  it  had  been  coiled  and  knotted  up  by  th«  ftti&i^-^^isst. 
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We  nnoofledy  and  sounded  again.  At  a  depth  of  132  feet 
the  weight  reached  a  ledge  or  piotaberance  of  ioe^  and  fay 
shaking  and  lifting  it,  it  was  caused  to  descend  31  feet  mora 
A  depth  of  163  feet  was  the  utmost  we  could  attain  ta 
We  sounded  the  old  moulin  to  a  depth  of  90  feet ;  while  a 
third  little  shaft,  beside  the  large  one,  measured  only 
18  feet  in  depth.  We  could  see  the  water  escape  from  ft 
through  a  lateral  canal  at  its  bottom,  and  doubtless  the 
water  of  the  Grand  Moulin  found  a  similar  exit  There 
was  no  trace  of  dirt  upon  the  butter,  which  might  hare 
indicated  that  we  had  reached  the  bed  of  the  glacier. 
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DIRT-BANDS  OF  THE  MEE  DE  GLACE. 


(2G.) 


These  bands  were  flrat  noticed  by  Prof.  Forbes  on  the 
24tli  of  July,  1842,  and  described  by  him  in  the  following 
words : — *'  My  eye  was  cauglit  by  a  very  peculiar  appear 
ance  of  tiio  surface  of  the  ice,  which  I  vas  certain  that  I 
now  saw  for  the  firat  time.  It  consisted  of  nearly  hyjwr- 
bolie  brownish  bands  on  the  glacier,  the  curves  pointing 
downwards,  and  tlio  two  branches  niingh'ng  indiscrimiDately 
with  tlio  moraines,  presenting  an  appearance  of  a  siiceeBsioii 
of  waves  some  hundred  feet  apart."  *  From  no  single  point 
of  view  Iiitherto  attained  can  all  the  Dirt-Bands  of  the 
Mer  do  Glaco  be  seen  at  once.  To  see  those  on  the 
terminal  portion  of  the  glacier,  a  station  ought  to  be  chosen 
on  the  opposite  range  of  the  Br^vent,  a  few  hundred  yards 
beyond  tiie  Croix  do  la  Flegfere,  where  we  stand  exactly 
in  front  of  the  glacier  ns  it  issues  into  the  valley  of  Cha- 
mouni.  The  apiiearance  of  the  bands  upon  the  portion 
here  seen  is  represented  in  Fig.  35. 

It  will  be  seen  that  the  bands  are  confined  to  one  side 
of  the  gkcier,  and  either  do  not  esist,  or  are  obliterated  by 
the  diibris,  upon  the  other  aide.  The  cause  of  the  accumu- 
lation of  dirt  on  the  right  side  of  the  glacier  is,  that  no  less 
tliau  live  moraines  are  crowded  together  at  this  side.  In 
the  upper  portions  of  the  Mer  do  Glace  these  moraines  are 
distinct  from  each  other ;  but  in  descending,  the  successive 
engulfmeuts  and  disgorgings  of  the  blocks  and  dirt  have 
broken  up  the  moraines ;  and  at  the  place  now  before  us  the 
laterials  which  composed  them  are  strewn  confusedly  on 
t  side  of  tlie  glacier.  The  portion  of  the  ice  on 
1  tJie  dirt-bands  appear  is  derived  from  the  Col  dn 
"  'Travuls,'  page  162. 
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I  G<5aiit.  They  do  not  quite  extend  to  the  end  of  the  glacier, 
1  being  obliterated  by  the  dislocation  of  the  ice  upon  the 
V  frozen  cascade  of  Dee  Boie. 
I  Let  U3  now  proceed  octoss  the  valley  of  Cbamoun!  to 
I  the  Montanvert ;  where,  climbing  the  adjacent  heights  to 
I  an  elevation  of  six  or  eight  hundi'ed  feet  above  tJie  boteli 
I  we  command  a  view  of  tbe  Mer  de  Glace,  from  Tr^laportO 
I  almost  to  the  commencement  of  the  Glacier  des  Bois.  It 
I  waa  from  this  position  Professor  Forbes  firat  observed  the 
I  bands.  Fifteen,  sixteen,  and  seventeen  years  later  I  ob-- 
f  Berved  them  from  the  same  position.  Tbe  number  of  banda 
I  which  Professor  Forbes  counted  from  this  poeition  waa 
I  eighteen,  with  which  my  observations  agree.  The  entire 
[  series  of  bands  which  I  observed,  with  the  exception  of 
one  or  two,  must  have  been  the  guax»»ors  of  those  observed 
by  Professor  Forbes ;  and  my  finding  the  same  number 
I  after  an  interval  of  so  many  years  proves  that  the  bandt 
I  must  be  duo  to  some  regularly  recurrent  cause.  Fig.  SB- 
I  represents  the  bonds  as  seen  from  the  heightB  adjacent  to 
[   the  Montanvert. 

I  would  here  direct  attention  to  an  analogy  between  M 

L   glacier  and  a  river,  which  may   be   observed  from  tlitt 

heights  above  the  Montanvert,  but  to  which  no  reference^ 

I    as  far  as  I  know,  has  hitherto  Ijeen  made.     When  a  river 

I    meets  the  buttress  of  a  bridge,  the  water  rises  agauist  il 

and,  on  sweeping  round  it,  forma  an  elevated  ridge.  )»• 

tween  which  and  the  pier  a  depreaaion  occurs  which  i 

ia  deptli  with  the  force  of  the   current.     This  efieob  i 

shown   by  tlie  Mer   de   Gluce  on  an  eiaggftratctl  scalfl 

Sweeping  round  Trelaporte,  the  ice  pushes  itsulf  beytm^ 

the  promontory  in  an  elevated  ridge,  from  which  it  drool 

by  a  gradual  slope   to  tbe  adjacent  wall   of  the  voUbj 

I  thus  forming  a  depression  typified  by  that  already  n 

A  similar  effect  is  observed  ot  the  opposite  fade  of  tl 
r  on  turning  round  the  Kchulets ;  and  both  combo 
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to  form  a  kind  of  sk&vt  surface.  A  careful  inspcctiou  of 
the  froutiapiece  will  detect  this  peculiarity  in  the  shape  of 
the  glacier. 

From  ueither  of  the  stations  referred  to  do  we  obtain 
any  clue  to  the  origiu  of  tlie  dirt-baods.  A  stiff  but 
pleasant  climb  will  place  us  in  that  singular  cleft  iu  the 
clitly  mountain-ridge  which  ia  seen  to  the  rigbt  of  the 
froutispioct; ;  and  from  it  we  easily  attain  the  high  plat- 
form of  rock  immediately  to  the  left  of  it.  We  staud  here 
high  above  the  promontory  of  Trelaporte,  and  occupy  the 
iineBt  station  Irom  which  the  Mer  de  Glace  and  its  tribu- 
tariea  can  be  viewed.  From  tbia  station  we  trace  the  dirt- 
bauds  over  moat  of  the  ice  that  we  have  already  scanned, 
and  have  tlie  further  advantage  of  being  able  to  follow 
u  to  their  very  source. 

liis  Bource  is  the  grand  ice-caacade  which  descends  in  a 
af  precipicea  from  tlie  platean  of  the  Col  du 
ait  into  the  valley  which  the  Glacier  du  Gcant  fllla. 
t  see  from  our  present  point  of  view  that  the  bauds 
k  imi^ed  to  the  portion  of  the  glacier  which  hat  descendt:d 
V  ctucade.  Fig.  37  represents  the  hands  as  seen  &om 
B  Cleft  fitatiou  above  Trelaporte. 

a  ore  now  however  at  such  a  height  above  the  glacier 

and  at  such  a  distance  from  the  base  of  the  cascade,  that  we 

con  form  but  an  im^jerfect  notion  of  the  true  contour  of  the 

^^^wface.    Let  us  therefore  descend,  and  walk  up  the  Glacier 

^^^■Cit^'iuit  towards  the  cascade.     At  first  our  road  is  level, 

^^Ht  we  gradually  find  that  at  certain  intervals  we  have  to 

^^Bend  slopes  which  follow  each  other  in  succession,  each 

^^Hng  separated  from  its  neighbour  by  a  space  of  compara- 

^^Hely  level  ice.     The  alopes  increase  in  steepness  as  we 

Ascend ;    they  are  wteL'i>eat,  moreover,  on  the  right-bond 

side  of  tiie  glacier,  where  it  ia  bounded  by  that  from  the 

I ,   f  eiiodefi,  and  at  k-ugth  we  are  unable  to  climb  them  witliont 

1^  aid  of  an  oxc,     Kooii  afterwards  tlio  disloaaiiau-A'^'* 
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glacier  becomoa  considerable ;  we  are  lost  in  tlie  clefts  a 
depreBsioiiH  of  the  ice,  and  are  unable  to  obtain  a  view 
sufficiently  commanding  to  subdue  tlicse  local  appoftrancaB 
Bud  convey  to  us  the  general  aspect.  We  have  at  all  event* 
eatislied  ourselves  that  on  the  upper  portion  of  the  glacier 
a  succession  of  undulations  exist,  which  sweep  trausvetreely 
across  it  The  t«rm  "  wrinkles,"  applied  to  them  by  Prof. 
Forbes,  is  highly  suggestive  of  the  api>earauce  which  tiwy 


From  tlie  Cleft-fitation  bands  of  snow  may  also  be  s 
'  partially  croeeing  the  glacier  in  correspondence  with  ths 
undulations  upon  its  surface.  If  the  quantity  deposited 
the  winter  previous  be  large,  and  the  heat  of  enrnmer  not 
too  great,  these  bands  extend  quite  across  the  glacioi 
They  were  first  obeer\'ed  by  Professor  Forbes  in  1843.  L 
his  Fifth  Letter  is  given  an  illustrative  diagram,  whioh, 
though  erroueous  as  regards  the  position  of  the  ve 
structure,  is  quite  correct  in  limiting  the  snow-bands  ttt 
the  Glacier  du  Geant  proper. 

Attheplace  where  the  three  welded  trihuteriosoftheHfll 
de  Glace  squeeze  themselves  through  the  strait  of  lViU»- 
porta,  the  bands  luidei^  a  considerable  modificatioa  i 
shape.  Ncax  their  origin  they  sweep  across  the  Glacial 
du  Geant  in  gentle  cnrves,  with  their  convexities  directed 
downwards;  but  at  Trelaporte  these  curves,  the  ohoHl 
of  which  a  short  time  previous  measured  a  tliousand  yanli 
in  length,  have  to  squeeze  themselves  through  a  space  0 
four  hundred  and  ninety-tivc  yards  wide ;  and  as  might  hi 
exjx!cted.  thoy  are  here  siiddenly  etiarpenocL  The  apex  o 
each  being  thrust  forward,  they  lake  the  form  nf  abat] 
hyperbohis,  and  preservw  this  character  tliroughoat  till 
entire  length  of  the  Jter  de  Glace. 

I  would  now  conduct  the  reader  to  a  point  fix)m  wbiofa  i 

,  good  general  view  of  the  ico  catwade  of  llm  Giant  : 

attainable.     From  the  old  momine  near  the  luku  ofth 
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IWu!  we  observe  the  ice,  as  it  descends  the  full,  to  be 
oten  into  a  succession  of  precipices,     It  would  appear  as 
the  glacier  had  its  back  periodically  broken  at  t)ii3  sum- 
mit of  the  fall,  aud  formed  a  series  of  vast  chasms  sejMtrated 
from  each  other  by  cliffy   ridges  of  corresponding   size. 
,  as  they  approach  the  bottom  of  the  fall,  become 
3  and  more  touod  down  by  the  action  of  sun  ami  air, 
at   some   distance    below  the   base   of  the   nisoade 
■  are  snhdued  so  as  to  form  the  transverse  undula- 
8  already  described.     These  uudulatious  are  moit>  and 
I  reduced  as  the  glacier  descends ;  and  long  before 
1  Tacnl  is  attained,  every  sensible  trace  of  them  has 
plppeared.     Tlie  terraces  of  the  ice-fall  are  referred  to  1^ 
(rfessor  Forbes  in  Iiis  Thirteenth  Letter,  where  he  thus 
ribes  them : — "  The  ice-falls  succeed  one  another  at 
[olated   intervals,   which  appear  to   correspond  to  the 
Miewal  of  each  summer's  activity  in  those  realms  of  almost 
perpetual  frost,  when  a  swifter  motion  occasions  a  more  rapid 
and  wholesale  projection  of  the  mass  over  the  steep,  thus 
forming  curvilinear  terraces  like  vast  stairs,  which  appear 
afterwards  by  consolidation  to  form  the  remarkable  pro- 
taberant  wrinkles  on  the  surface  of  the  Glacier  du  Geant," 
^^w  With  regard  to  the  cause  of  the  distribution  of  the  dirt  in 
^^^bds,  Professor  Forbes  writes  thus  in  his  Third  Ijett^r : — 
^^B  at  length  assured  myself  that  it  was  entirely  owing  tn 
^^Rb  structure  of  the  ico,  which  retains  the  dirt  diffused  by 
avalanches  and  the  weather  on  those  parts  which  are  most 
|)Orous,  whilst  the  comjiocter  portion  is  washed  clean  by 
I,  so  that  those  bands  are  nothing  more  than  visihle 
B  of  the  direction  of  the  internal  icy  structure."    Pro- 
r  Forhes's  theory,  at  that  time,  was  that  the  glacier  is 
id  throughout  of  a  series  of  altexuate  segments  of 
1  porous  ice,  in  tiie  latter  of  which  the  dirt  fooud  a 
laent.     I  do  not   know   whether  he  now  retains  bin 
t  opinion;    but  in   his   Fifteenth  ficttui  Vva  «v^^**  "^"^ 
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accountiDg   for  "the  less  coiii{>aot   structure   of  the  ice 
beneath  the  dirt-band." 

It  appears  to  me  that  iu  the  above  explanation  canse  baa 
been  mistaken  for  effect.  The  ice  ou  which  the  dirl-^xuKU 
rest  certainly  appears  to  be  of  a  spongier  character  than 
the  cleaner  intennpdiate  ice;  but  instead  of  this  being 
the  cause  of  the  dirt-bands,  the  latter,  I  imagine,  hy 
their  more  copious  absorption  of  the  sun's  rays  and  tlia 
consequent  greafor  ditsint^gmtion  of  the  ice.  are  the  c 
of  the  apparent  jjorosity.  I  have  not  lieen  able  to  detect 
■ny  relative  porosity  in  the  "  internal  icy  structure,"  nor  a: 
I  able  to  find  in  the  writings  of  ProfcHSor  Forbes  a  do* 
ecription  of  the  experiments  whereby  he  satisfied  himself 
that  this  assumed  difference  exist& 

Several  days  of  the  summer  of  1857  were  devotod  by 
me  to  the  examinaliun  of  these  bands.  I  then  found  the 
bases  and  the  frontal  slopes  of  the  undulations  to  wliich  I 
have  referred  covered  witli  a  fine  brown  mud.  Theso 
elopes  were  also,  in  some  cases,  covered  with  snow  wliiclt 
the  great  lieat  of  the  weather  had  not  bi^n  able  entirely 
to  remove.  At  places  where  the  residue  of  snow  was  smtlL 
its  surface  was  exceedingly  dirty — so  dirty  indeed  that  it 
appeared  as  if  peat-moold  had  been  strewn  over  it ;  its  e 
particularly  were  of  a  black  brown.  It  was  [>erfectly  maiur 
fefit  that  this  snow  formed  a  receptacle  for  the  fine  dirt 
transported  by  the  innumerable  little  rills  wliich  trickled, 
over  tile  glacier.  The  snow  gr&dually  wiisled,  but  it  li)& 
its  sediment  behind,  and  tlms  each  of  the  snowy  biu)d«  ob- 
served by  Professor  Forbes  in  1843,  contributed  to  pnxluoa 
an  appearance  perfectly  antithetical  to  its  own.  I  have 
said  that  the  frontal  slopes  of  the  undulations  werv  tfaw 
1 ;  and  it  was  on  these,  and  not  hi  the  deprcwiotu, 
lat  the  snow  principally  rusted,  'I'ho  reason  of  tiw  ii  ti 
found  in  the  fitarivff  o!  the  Glacier  dn  G^out,  wli^i^ 
dowuwards,  is  about  I'ourtccu  (k'grous  east  of  t 
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^^■ridian.*  Hence  the  frontal  slopes  of  the  anduliitiontt 
^^Bre  a  northern  aspect,  and  it  in  tiik  circuinstauct;  which, 
m  my  opinion,  causes  the  retention  of  the  hqow  upon  thoui. 
Irrespectivo  of  the  hoow,  the  mere  tendency  of  the  dirt,  Uj 
■cciunuliite  at  the  boaes  of  the  undulations  would  also 
Xluce  bands,  and  indeed  does  so  on  many  glaciers ; 
k  the  precision  and  beauty  of  tlie  dirt-tmnds  of  the  Mer 
Glace  are,  I  think,  to  be  mainly  referred  to  the  inter- 
MptioQ  by  the  snow  of  the  fine  dark  mud  before  referred 
to  on  the  northern  slopes  of  its  undulations. 

Were  the  utatementa  of  some  writers  upon  tliis  subject 
well  founded,  or  were  tlie  dirt-bauds  as  drawn  ujiou  the 
map  of  I'l-ofcasor  Forbes  correctly  shown,  this  explanation 
spultl  not  stHud  a  moment  It  lias  been  urged  tlmt  the  dirt- 
i  cannot  thus  belong  to  a  single  tributary  of  tlie  Mer 
Glace ;  for  if  tbey  did,  they  would  be  confined  to  that 
nitajy  upon  the  trunk-glaeier ;  whereas  the  fact  is  that 
'  extend  ijuite  across  the  trunk,  and  intersect  the 
'hich  divide  the  Glacier  du  G4ant  from  its  fel- 
ibuUiries.  From  my  first  acquaintance  with  the 
r  de  Glace  X  had  reason  to  believe  that  tliis  statement 
il  incorrect ;  but  laat  year  I  climbed  a  tlurd  time  to  the 
tation  for  the  purpose  of  once  more  insi>ecting  the 
from  this  fine  position.  I  was  accompanied  by 
;  Frankland  and  Augiiste  Balniat,  and  I  drew  the  at- 
D  of  both  particularly  to  this  point.  Neither  of  ihcm 
I  discern,  nor  could  I,  the  slightest  trace  of  a  ilirl- 
i  crossing  any  one  of  tlie  moraines.  Uixm  the  truiik- 
i  they  were  just  as  much  ei>nfined  to  the  Glacier 
t  as  ever.     If  the  bauds  even  existed  east  of  the 


1  tho  largo  mn])  of  ProfeaiKir  Forben  Urn  boikriiig  of  the  viillcir  i* 

■illy  (biKrees  wtial  of  the  lOL-iidiftn ;  but  thii  U  caiuod  bjr  tbc  Due 

b  being  iltuwii  uii  tbo  wrong  Bije  iif  tliv  nuigaistic  north;  thiiii  luohing 

ll>cli]iallnii  isvlerly  inBtaul  of  vrOBterly,      In  tbu  map  ia  Johluou'a 

pilail  ALIm'  (bin  luUtHko  ii  vorri^lvd. 
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moraineB,  they  I'cmld  not  be  seen,  the  dirt  on  this  ]wrt  of 
the  glacier  being  flufEeient  to  mask  them. 

The  followiog  intoresting  fact  may  perhaps  have  contri- 
bnted  to  the  production  of  the  error  referred  to.  Op[)oaite 
to  Trelaporte  the  oaat«m  arms  of  the  dirtrbands  run  bo 
obliquely  into  the  moraintj  of  La  Noire  that  the  latter 
appears  to  be  a  tangent  to  them.  But  this  moraine  runa 
along  the  Mer  de  Giace,  not  far  from  its  centre,  and  con^ 
sequently  the  point  of  coutot  of  each  dirt-band  with  the 
moraine  moves  more  quickly  than  the  point  of  contact  of 
the  western  arm  of  the  same  band  with  the  side  of  the 
valley.  Hc;nce  there  is  a  tendency  to  straightm  thi>  bands ; 
and  at  some  difltance  down  the  glacier  tlio  efifert  of  tliis  u 
Been  in  the  bands  abutting  against  the  moraine  of  La  Noire 
at  a  larger  angle  than  before.  The  branches  thus  abnttiiig 
have,  1  believe,  been  ideally  prolonged  across  tlie  morainea. 
On  the  map  published  by  Prof.  Forboa  in  1843  the 
bands  are  shown  crossing  the  medial  moraines  of  the  Her  de 
Glace;  aiidthey  are  also  thus  drawn  on  the 
map  in  Johnson's  'Physical  Atlas'  pab- 
Ushed  in  1849.  The  text  is  abo  in  ac- 
cordance with  the  map : — "  Opposite  to  - 
the  Montanvert,  and  beyoind  les£chelet£^ 
the  curved  loops  (dirt-bands)  extend 
aerm»  tlte  entire  glacier.  TheiTare  single^ 
and  therefore  cut  the  medial  moraine, 
though  at  a  very  slight  angle." — *  Travels,' 
p.  166.  The  italics  here  belong  to  Vrat. 
Forbes.  Li  order  to  help  future  oboervers 
to  place  this  point  beyond  doubt,  I  annex, 
in  Fig.  38,  a  portion  of  the  map  of  the 
Mer  de  Glace  taken  from  the  Alias  ro- 
rred  to.  If  it  be  compared  with  Fig.  35  the  dilTcrcnoo 
Wtween  Prof.  Forbes  and  myself  will  be  clearly  ttovu.    The 


lortJou  of  the  glat 


represented  in  both  diagratnx  luay  j 
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be  viewed  from  the  point  near  the  Fleg^  already  re- 
ferred to. 

The  explanation  which  I  have  given  involves  three  oon- 
riderations : — ^The  transverse  breaking  of  the  glacier  on  the 
cascade,  and  the  gradual  accumulation  of  the  dirt  in  the 
hollows  between  the  ridges ;  the  subsequent  toning  down 
of  the  ridges  to  gentle  protuberances  which  sweep  across 
the  glacier ;  and  the  collection  of  the  dirt  upon  the  slopes 
and  at  the  bases  of  these  protuberances.  Whether  the 
periods  of  transverse  fracture  are  annual  or  not — ^whether 
the  "  wrinkles"  correspond  to  a  yearly  gush— and  whether, 
consequently,  the  dirt-bands  mark  the  growth  of  a  glacier 
as  the  "  annual  rings  "  mark  the  growth  of  a  tree,  I  do  not 
know.  It  is  a  conjecture  well  worthy  of  consideration ;  but 
it  is  only  a  conjecture,  which  future  observation  may  either 
ratify  or  refute. 
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THE  VEINED  STRUCTUEE  OF  GLACIERS. 

(27.) 

The  general  appearance  of  the  veined  stractore  may  ba 
thus  briefly  described : — The  ice  of  glaciers,  especially  mid- 
way between  their  mountain-sources  and  their  inferior  ex« 
tremities,  is  of  a  whitish  hue,  caused  by  the  mmiber  of 
small  air-bubbles  which  it  contains,  and  which,  no  doabt^ 
constitute  the  residue  of  the  air  originally  entrapped  in  the 
interstices  of  the  snow  from  which  it  has  been  deriyed. 
Through  the  general  whitish  mass,  at  some  places,  innumer- 
able parallel  veins  of  clearer  ice  are  drawn,  which  usually 
present  a  beautiful  blue  colour,  and  give  the  ice  a  laminated 
appearance.  The  cause  of  the  blueness  is,  that  the  air* 
bubbles,  distributed  so  plentifully  through  the  general 
mass,  do  not  exist  in  the  veins,  or  only  in  comparatively 
small  numbers.  « 

In  different  glaciers,  and  in  different  parts  of  the  same 
glacier,  these  veins  display  various  degrees  of  perfection. 
On  the  clean  unweathered  walls  of  some  crevasses,  and  in 
the  channels  worn  in  the  ice  by  glacier-streams,  they  are 
most  distinctly  seen,  and  are  often  exquisitely  beautifuL 
They  are  not  te  be  regarded  as  a  partial  phenomenon,  or  as 
affecting  the  constitution  of  glaciers  to  a  small  extent  merely. 
A  large  portion  of  the  ice  of  some  glaciers  is  thus  affected. 
The  greater  part,  for  example,  of  the  Mer  de  Glace  con- 
sists of  this  laminated  ice ;  and  the  whole  of  the  Glacier  of 
the  Khone,  from  the  base  of  the  ice-cascade  downwards,  is 
composed  of  ice  of  the  same  description. 

Those  who  have  ascended  Snowdon,  or  wandered  among 
the  hills  of  Cumberland,  or  even  walked  in  the  environs  of 
Leeds,  Blackburn,  and  other  towns  in  Yorkshire  and  Lan- 
cashire, where  the  stratified  sandstone  of  the  district  is 
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iwed  for  building  purptiaea,  may  ha™  observed  the 
weathered  edges  of  tLe  slato  rocks  or  of  tbo  building-skmc 
to  be  grooved  and  furrowed.  Some  lamiiise  of  such  rocks 
withstand  the  action  of  the  atmosphere  better  than  others, 
and  the  more  resisteot  ones  stand  out  in  ridges  after 
the  softer  jKirts  between  them  have  been  eaten  away.  An 
eGTect  exactly  similar  is  observed  where  the  himinated  ice 
of  glaciers  is  exposed  to  the  action  of  tlie  sun  and  air. 
Little  grooves  and  ridgea  are  formed  upon  its  surface,  the 
more  resistent  plates  protruding  after  the  softer  material 
between  them  has  been  melted  away. 

One  couseciiience  of  this  furrowing  is,  that  tlie  light  dirt 
ecattered  by  the  winds  over  the  surface  of  tlie  glacier  is 
gradually  washed  into  the  little  grooves,  thus  forming  fine 
lines  reaenibUng  those  produced  by  the  passage  of  a  rake 
over  a  sanded  walk.  These  lines  are  a  valnuble  index  to 
some  of  the  phenomena  of  motion.  From  a  position  on 
the  ice  of  the  Ghuiier  du  G^nt  a  little  higher  up  than  Tn^- 
Inporte  a  fine  view  of  these  superficial  groovinga  is  obtained ; 
but  the  dirt-lines  are  not  always  straight.  A  sliglit  power 
of  iudejwndent  motion  is  enjoyed  by  the  separate  parts  into 
which  a  glacier  is  divided  by  its  crevasses  and  dislocations, 
and  hence  it  is,  that,  at  the  place  alluded  to,  the  dirt-lines 
are  bent  hither  and  tliither,  though  the  roptures  of  conti- 
nuity are  loo  small  to  affect  materially  the  general  direction 

E  the  structure.     On  the  glacier  of  the  Talfefre  I  found 

)  groovings  useful  as  indicating  the  character  of  the 

0  wliich  thu  ice  near  the  summit  of  the  fall  is  sub- 

Tlie  ridges  between  the  chasms  are  in  many  cases 

mtly  bent  and  twisted,  while  the  adjacent  groovinga 

Bble  us  to  see  the  normal  position  of  the  mass. 
■The  veined  structure    has  been  olwerved   by  dilTerent 

|avell«)r8;  but  it  was  probably  first  referred  to  by  Sir 
Wid  BrewBt«r,  who    noticed    the  veins  of  the    Mer 

I  Glace  on  the   10th  of  8ept<?mlwr,  1814.     Itwaa^lso 
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obaerved  by  General  Sabine,*  by  Rendu,  by  Agassiz,  an 
no  doubt  by  many  others  ;  but  the  first  clear  descriptio 
of  it  woe  given  by  JL  Guyot,  in  a  communication  pw 
Bente<i  to  the  Geological  Society  of  France  in  1838.  1  quota 
the  following  passage  from  this  paper : — "  I  saw  under  mj) 
feet  the  surface  of  the  entire  glacier  covered  with  regula] 
fitrrows  from  one  to  two  inches  wide,  hollowed  out  in  a  ItaU 
6nowy  mass,  and  separated  by  protruding  plates  of  bardd 
and  more  transparent  ice.  It  was  evident  that  the  i 
of  the  glacier  here  was  composed  of  two  sorts  of  ice,  oaa, 
that  of  the  furrows,  snowy  and  more  easily  melted ;  th4 
other  that  of  the  plates,  more  perfect,  cryatalUne,  glassy^ 
and  resistent ;  and  that  the  unequal  resistance  which  t 
two  kinds  of  ii^e  presented  to  the  atmosphere  was  the  caoBQ 
of  the  furrows  and  ridges.  After  having  followed  them  £<» 
several  hundreds  of  yards,  I  reached  a  lissure  twenty  or  tfairtT; 
feet  wide,  which,  as  it  cut  the  plates  and  furrows  at  r^4 
angles,  exposed  the  interior  of  the  glacier  to  a  depth  d 

witb  thia  aubjoct,  Qsneral  SbUm 


iplj  to  B  quertic 

ir«d  me  with  Uio  folloiriug 

IB  Ttnuau, 

t  wu  in  tbo  Eummerof  1841,  at  the  Lower  Orindelw&ld  OImSm; 

it  MW.  and  was  greatly  imprewed  and  iolereBted  by 
and  eodeavonring  Ui  understuid  (in  wliich  I  did  uut  autcccd),  Uio  reined' 
ttnicturo  of  the  ice.    I  do  not  remember  wlion  I  menlioiuMl  it  to 
bnt  it  mint  be  before  1843,  becanw  it  !■  noticed  in  bin  book,  p.  99.    I  had 

I    never  observed  it  in  the  Rliuuers  of  Spitzber^n  or  Boffin's  Baj,  or  in  tiia, 
IcabitrgH  of  the  sbon»  and  stroits  of  Duria  or  Barrow.     I  tecl  tbo 
eotiJtdent  of  Uua,  becaoae,  when  I  flrat  saw  the  vdned  stractnre  in  B« 
land,  lay  atctic  eiporienoe  was  moK  froah  in  my  rucollootion,  oud  I 
lee  ted  nothing  like  it. 
"  Vtint  are  indeed  not  nncomtoon  in  iwbofgs,  but  thoy  quite 
ytUu  in  rockj,  and  are  formed  by  water  Ailing  &DBuroa  and  tret^ag  Udl 
idne  iiie,  Hnely  contrasted  with  the  white  gnumlar  BabBlonoii  of  the  ber^ 
"TUe  ice  of  the  Grindelwuld  Olaoier  (where  I  examined  lh«  vdliad 
-UrQCtun)  wna  broken  ap  into  wtj  Urge  nuMoen.  which  by  pifimim  bad 
been  uptunicd,  w>  thai  a  very  poor  jiul|[iDeut  would  1w  ruruwil  nf  the  dfc 
kaoljou  ufthe  voini  m  tlioy  uxiited  in  the  glacier  bnfore  it  bad  bralMti  ii|l 
'■  Sincoroly  ynnnt, 
"JVi.20,  iSOri."  "EnwumSunK. 
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thirty  or  forty  feet,  and  gave  a  beatitifnl  tranHverse  section 
of  the  stnictnre.  As  far  as  my  vision  could  reach  I  saw 
the  mass  of  the  glacier  composed  of  layers  of  snowy  ice, 
each  two  of  which  were  separated  by  one  of  the  plates  of 
wliich  I  have  spoken,  the  whole  forming  a  regularly  lami- 
nated mass,  which  resembled  certnin  calcareous  slates." 

Previous   obsen-ers    had    mistnken  the  lamination  for 
(Aratiflcation ;  but  M.  Guyot  not  only  clearly  saw  that  they 
^MRBte  different,  hut  in  the  comparison  which  he  makes  lie 
^Bpnhes,  I  believe,  on  the  true  cause  of  the  glacier-structure. 
^V  He  did  not  hazard  an  explanation  of  the  phonomenon,  and 
I  believe  his  memoir  remained  imprinted.      In  1841  the 
structure  was  noticed  by  Professor  Forbes  duriug  his  visit 
to  M.  Agassiz  on  the  Lower  Aar  Glacier,  and  described  in 
a  communication  presented  by  him  to  the  Royal  Society 
of  Edinburgh.       He  subsequently  devoted  much  time  to 
the   subject,   and  his   great   merit   in  connexion   with  it 
consists  in  tho  significance  which  ho  ascribed  to  the  phe- 
nomenon when  he  first  observed  it,  and  in  tho  fact  of  his 
having  proved  it  to  Ix)  a  constitutional  feature  of  glaciers 
iu  general. 

The  first  explanation  given  of  those  veins  by  Professor 
Forbes  was,  that  they  were  small  fissures  formed  iu  the  ice 
by  it«  motion ;  that  tliese  were  GUed  with  the  water  of  the 
melted  ice  in  summer,  which  froze  in  winter  so  as  to  form 
the  blue  veins.  This  is  tfie  explanation  giveu  m  bis 
*  Travels,'  page  377 ;  and  in  a  letter  published  in  tho 
'  Edinburgh  New  Philosophical  Journal,'  October,  18-14,  it  is 
re-aihrmed  in  these  words: — "With  the  abundance  of  blue 
bonds  before  us  in  the  direction  in  which  tlie  differential 
motion  must  take  place  (in  this  case  sensibly  parallel  to  the 
sides  of  the  glacier),  it  is  impossible  to  doubt  tliat  these 
infiltrated  crevices  (for  such  they  imdoubtedly  are)  have 
this  origin."  This  theory  was  examined  by  Blr.  Huxley 
i  myself  in  our  joint  paper ;  but  it  has  tyftftu  »»£<&  sSik^^. 
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that  ours  was  unnecessary  labour,  Prof.  Forbes  himsell 
having  in  his  ThirteentU  Letter  renounced  the  thaorjr) 
and  substituted  another  in  ita  pla^e.  The  latter  theory 
differs,  eo  far  09  I  can  understand  it,  front  the  former  in, 
this  particular,  that  the  freaimg  of  the  xeaUr  in  the  fisBuiM 
is  discarded,  their  sides  being  now  supposed  to  be  v 
*'  by  the  simple  efi'ects  of  time  and  cohesion."*  For  • 
Btatement  of  the  change  which  his  opinions  have  undergoiM^ 
I  would  refer  to  the  I'refatory  Note  which  precede* 
volume  of '  Occasional  Papers '  recently  published  by  Proi 
forbes ;  but  it  would  liave  diraiuiahed  my  difficulty  had 
the  author  given,  in  connexion  with  his  new  volume,  I 
mors  distinct  statement  of  hia  present  views  regarditi{ 
the  veined  structure.  With  many  of  his  observation 
and  remarks  I  should  agree ;  with  many  others  1  oannrt 
say  whether  I  agree  or  not;  and  there  are  othera  Bt3 
with  which  I  do  not  think  I  should  agree :  but  in  hard^ 
any  cose  am  I  certain  of  his  precise  views,  esoepUngi 
indeed,  the  cardinal  one,  wherein  he  and  others  agree  il 
ascribing  to  the  structure  a  different  origin  from  stratifi 
cation.  Thus  circumstanced,  my  proper  course,  I  think 
will  be  to  state  what  I  believe  to  be  the  cause  of  tl 
structure,  and  leave  it  to  the  reader  to  decide  how  f 
our  views  harmonizo ;  or  to  what  extent  either  of  them 
a  true  interpretation  of  natiu-e. 

Most  of  the  earlier  observers  considered  tlie  structtire  tl 

be  duo  to  the  stratification  of  the  muuntain-snows — a  yiel 

which  lias  received  later  development  at  the  hands  of  Ml 

John  Ball ;  and  tlie  practical  difficulty  of  distiuguishil^ 

I    the  undoubted  effects  of  atratification  from  the  phenuinea 

•  In  A  letter  to  myiclf.  publiilied  in  tho  17tti  viUiuui-  uf  tiio  *  PliIlM 

pbicnl  MntpizliHs'  Pmrewiir  FnrlMia  wiil^s  lu  fuU<rwi :—"  lu  IMfl;  ttiOH 

[     abuiduniMl  ua  port  of  Utv  iWiiry  of  Ibe  vtiiieil  struclure,  on  wUeb  oi  ]j 

I     tny  to  moch  labour  knd  been  uxpunded,  uxix^pl  ttip  wlimMioa.  tlwH 

I    yielilwl  Willi  relnoliuicc,  and  gut  rid  uf  witli  aatiafbetion,  that  Ut*  mm 

1    likliuu  or  wuUji  iu  tliv  urt-riuai  uf  Uio  (jlocici  autj  cxtviul  tu  winttf  tf 

[  jTMtJqith." 


381         I 


^B^  USUAL  ASPECT  OF  BLIIE  \'EINe. 

presented  by  ttntature,  entitles  tliis  view  to  the  fullest 
ooDsideration,  The  blue  veins  of  glaciers  are,  however, 
not  always,  nor  even  generally,  such  as  we  should  expect 
to  reault  from  stratification.  The  latter  would  furnish  ns 
with  distinct  plaues  extending  parallel  hi  each  other  for 
con^derablc  distances  through  the  glacier ;  but  tliis, 
thongh  sometimes  tlie  case,  is  by  no  means  the  general 
character  of  the  structure.  We  observe  blue  streaks,  from 
a  few  inches  to  several  feet  in  length,  upon  the  walla  of 
the  same  crevasse,  and  varying  from  the  fraction  of  an 
inch  to  several  inches  in  thickness.  In  some  cases  the 
streaks  are  definitely  bounded,  giving  rise  to  an  appear- 
ance resembling  the  section  of  a  lens,  and  hence  called 
the  "lenticidar  structure"  by  Mr.  Huxley  and  myself;  but 
more  usually  they  fade  away  in  pale  washy  streaks  tlirough 
the  general  mass  of  the  whitish  ice.  In  Fig.  39  I  have 
given  a  representation  of  the 
structure  as  it  is  very  com- 
monly exhibited  on  the  walls 
of  crevasses.  Its  aspect  is  not 
that  which  we  shoidd  expect 
from  the  consolidation  of  suc- 
cessive beds  of  mountain  snow. 
Further,  at  the  bases  of  ice- 
cascades  the  Htrnctural  lami- 

^^HBare usually  (frftca^:  below 

^Hpe  cascade   of  the  Talf^fre, 

HBt  Uie  Noire,  of  tlie  8trah- 

^^(K)k  branch  of  the  Lower 
Griadelwald  Glacier,  oi'  the 
Bhone,   and    other   ice-falls,  Fitw. 

this  is  the  case;  and  it  seems  extremely  difFicult  to 
conceive  that  a  mass  horizontally  stratiHed  at  the  summit 
of  tlie  fall,  ahoiUd.  in  its  descent,  contrive  to  turn  its  strata 
rieetlv  on  cud. 
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Again,  we  often  find  a  very  feebly-developed  stmctuit 
at  the  central  portions  of  a  glacier,  while  the  lateral  pOB 
tions  are  very  decidedly  laminated.  This  is  the  case  wl 
the  inclination  of  the  glacier  is  nearly  uniform  through* 
out ;  and  where  no  medial  morainea  occur  to  coiQpUcaUf 
the  pheaomeuon.  But  if  the  veins  mark  the  beddisgi; 
there  seems  to  be  no  sufficient  reason  for  their  appearaooC 
at  the  lateral  portions  of  the  glacier,  and  their  absviu 
from  the  centre. 

ITiis  leads  me  to  the  point  at  which  what  I  conadf 

to  be  the  true  cause  of  the  structure  may  be  referred  t 

The   theoretic  researches   of  Mr,  Hopkiua   have    taught 

us  a  good  deal   regarding  the   pressures   and    tensioni 

consequent  upon  glacier-motion.      Aided  by  this  know•^ 

ledge,  and  also  by  a  mode  of  experiment  first  introduced 

by  Professor  Forbes,  I  will  now  endeavour  to  esplaiii  till 

significance  of  the  fact  referred  to  in  the  last  paragtHj^ 

If  a  plastic  substance,  such  as  mud,  Sow  down  a  sloping 

canal,  the  lateral  portions,  being  held  back  by  friction, «~ 

be  outstripjied  by  the  central  ones.     When  the  flow  is 

regulated  that  the  velocity  of  a  point  at  the  centre  ahalj 

not  vary  throughout   the   entire   length  of  the  caoali 

coloured   circle  stamped   upon  the    centre   of  th© 

stream,  near  its  origin,  will  move  along  with  the   modi 

and  still  retain  its  circular  form ;   for,   mosmucli  as 

velocity  of  all  points  along  tlie  centre  is  tlie  same,  tfaeM 

I  can   be    no   elongation    of  the   circle    longitudinally 

I  trunsversely  by  either  strain  or  pressure     A  similar 

I  eeuce  of  longitudinal  pressure  may  exist  in  a  glacier,  audi 

I  where  it  exists  throughout,  no  central  structure  can,  in 

I  opinion,  be  developed. 

ISut  let  a  circle  be  stamped  upon  the  mud-fitream 
I  its  sidft,  thttn,  when  the   mud  flows,  this   circle  will  bo 
I  distorted  to  an  oval,  with  its  major  axis  oblique  lit 
Idirectioa  of  motion ;  tlie  cause  of  this  is  that  tJie  pcvtiotl 
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^■W  the  circle  farthest  from  the  side  of  the  canal  moves 
l^jmore  freely  than  that  adjacent  to  the  side.  The  meclia- 
Tiical  effect  of  the  slower  lateral  motion  is  to  squeeze  the 
circle  in  one  direction,  and  draw  it  out  in  the  perpendioular 
one. 
.A  glance  at  Fig.  40  will  render  all  that  I  have  said  in. 
;ble.  'ITie  three  0 
are  first  stamped  on 
the  mud  in  tlie  same 
transverse  line ;  but  ; 
after  tJiey  have  moved  . 
downwardfl  they  will  be 
in  the  same  straight  line  no  longer.  The  central  one 
will  be  the  foremost ;  while  the  lateral  ones  have  their 
forma  changed  from  circles  to  ovals.  In  a  glacier  of 
the  shape  of  this  canal  exactly  similar  effects  are  pro- 
duced. Now  the  shorter  asJs  m  «  of  each  oval  is  a 
line  of  s([U6ezing  or  pressure;  the  lunger  axis  is  a  line 
of  Btrain  or  tension ;  and  the  associated  glacier-pheno- 
mena are  as  follows : — Across  the  line  m  n,  or  perpen- 
dicular to  the  pressure,  we  have  the  veined  structure 
developed,  while  across  the  line  of  tension  the  glacier 
nsaally  breaks  and  forms  marginal  creviuses.  Mr.  Hopkins 
had  shown  that  the  lines  of  groute-et  pressure  and  of  greatest 
strain  are  at  right  angles  to  each  other,  and  that  in  valleys  of 
a  unifonu  width  they  enclose  an  angle  of  forty-five  degrees 
with  the  side  of  the  glacier.  To  the  structure  thus  formed 
I  have  npjilied  the  term  marginal  structure.  Here,  then, 
wo  see  that  there  are  mechanical  i^ncies  at  work  near  the 
side  of  such  a  glacier  which  are  absent  from  the  centre, 
oiul  wo  have  efi'ecta  developed — I  believe  f>j/  the  pressure — 
K  the  lateral  ice,  which  are  not  produced  in  the  central. 
'.  have  used  the  teim  "  uniform  inclination "  in  cou- 
L  with  the  marginal  structure,  and  my  reason  fur 
;  so  will  now  appear.    lu  many  glaciers  the  atiuatMx^^ 
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instead  of  being  confined  to  the  mai^ins.  sweeps  quit 
across  them.  This  is  the  case,  for  example,  on  the  Glacic 
du  Gdant,  the  structure  of  which  ie  prolonged  into  I 
Mer  de  Glace,  In  passing  the  strait  at  Trelaporte,  ho 
ever,  the  curves  are  squeezed  and  their  apices  bmiaej 
ao  timt  the  structure  is  thrown  into  a  state  of  confiudoa 
and  thua  upon  the  5Ier  de  Glace  we  encounter  difficult 
in  tracing  it  fairly  from  side  to  side.  Now  the  key  to  t* 
transTeree  structure  I  believe  to  be  the  following : 
the  inclination  of  the  glacier  suddenly  changes  from 
steep  slope  to  a  gentler,  as  at  the  bases  of  the  "  ca 
cades," — ^Jie  ice  to  a  certain  depth  must  be  thrown  in 
a  state  of  violent  longitudinal  compression;  and  dot 
with  this  we  have  the  resistance  which  the  gentler  dap 
throws  athwart  the  ice  descending  from  the  eteep  on 
At  sucli  places  a  structure  is  developed  transverm  ' 
the  axis  of  the  glacier,  and  likewise  transverse  to  tl 
presanre.  The  quicker  flow  of  the  centre  causes  tliia  s 
turc  to  bend  more  and  more,  and  after  a  time  it  sweepa  ll 
vast  curves  across  the  entire  glacier. 

lu  illustration  of  this  point  I  will  refer,  in  the  first.  plaM 
to  that  tributary  of  the  Lower  Glacier  of  Grindelwi 
which  descends  from  the  Strahleck.  Walking  up  this  tri 
butary  we  come  at  length  to  the  base  of  an  ice-falL  Lfl 
tlie  observer  here  leave  the  ice.  and  betake  himself  I 
either  side  of  the  flanking  mountain.  On  attaining  e  p 
which  commands  a  view  both  of  the  fall  and  of  the  glftctel 
below  it,  an  inspection  of  the  glacier  will,  I  imagine,  Boln 
to  his  satisfaction  the  case  of  structure  now  under  o 
deration. 

It  is  indeed  a  grand   experiment  which  Nature 

submits  to  our  inspection.     The  glacier  descending  i 

i\8  nth'S  reaches  tlie  summit  of  the  cascade,  and  is  brolui 

I  traitsveraely  as  it  crosses  the  brow ;  it  afterwards  d 

the  fall  in  a  snceessioii  of  clifTr  ic«-ridges  with  tnnsTt!nl 
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tiolluws  between  them.  In  these  Utter  the  broken  ice  and 
debris  cdilect,  thus  partially  choking  the  fiEEiires  formed 
in  tho  first  inst&nce.  Carrying  the  eye  downwards  along  the 
I'uil,  we  s<»e,  as  we  approach  the  bn«e,  these  sharp  ridgee 
toui'd  down ;  and  a  little  below  the  base  they  dwindle 
into  rounded  protuberances  whicrh  sweep  in  curves  quite 
acrofu)  the  glacier.  At  the  base  of  the  fall  tlie  structure 
begins  to  ai)pear,  feebly  at  first.,  but  becoming  gradually 
more  pronounced,  until,  at  a  short  distance  below  the  base 
of  the  fall,  the  eye  can  follow  the  fine  superficial  groovings 
from  side  to  side  j  while  at  the  same  time  the  ice  under- 
neath the  surface  has  become  laminated  in  the  most 
beautiful  manner. 

It  is  <lifficult  to  convey  by  writing  the  force  of  the  evi- 
"~  deuce  which  the  actual  observation  of  this  natural  experi- 
ment places  before  the  minrl.     The  ice  at  the  haae  of  tlie 
fall,  retanli^  by  the  gentler  inclination  of  the  valley,  has 
jylg  bear  the  thrust   of  the  descending  mass,   the  sudden 
|B|fpge   of  inclination    producing   powerful    longitudinal 
^Hnnpression.      The    protuberances    are    squeezed    more 
closely  ti>gether,   the   hollows  between  them   appear  to 
wrinkle  up  in  submission  to  the  pressure — in  short,  the 
entire  aapect  of  the  glacier  suggests  the  powerful  opera- 
tions of  the  latter  force.    At  the  ]>Iace  where  it  is  exerted 
the  Ttined  structure  makes  its  appearance ;  and  being  once 
formed,  it  raoTes  downwards,  and  gives  a  character  to  other 
porlJons  iif  tho  glacier   which   had  no  share  in  its  for- 
mation. 

An   illustration   almost  as  good,   and  equally   acc^tsi- 
ble,  is  furnished   by  the  Glacier  of  the  Rhone.     I  have  ' 

examined  tho  gnind  cascade  of  this  glacier  ii'om  both 
ndes;  and  an  ordinary  momitaineer  will  find  littJo  diflR-  J 

oiilty  in  reaching  a  i»oint  from   which  the  fall  and   the  M 

terminal  portion  of  the  glacier  are  b  >th  distinctly  visible.  I 

toUo  he  will  find  the  difiy  ridges  separated   &om  1 

-^ —A 
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each  other  by  transverse  chasms,  becomiDg  more  and 
more  subdued  at  the  bottom  of  the  fall,  and  disappearing 
entirely  lower  down  the  glacier.  As  in  the  case  of  the 
Grindelwald  Glacier,  the  squeezing  of  the  protuberaoces 
and  of  the  spaces  between  them  is  quite  apparent,  and 
where  this  squeezing  commeuces  the  transverse  structure 
makes  its  appearance.  All  the  ice  that  forms  the  lower 
portion  of  this  glacier  has  to  pass  through  the  sti-w^re- 
mill  at  the  hottom  of  the  fall,  and  the  consequeace  is  that 
it  is  all  laminated. 


This  case  of  structural  development  will  be  better  appre- 
ciated on  reference  to  Figs,  4 1  and  4'2.  the  former  of  which 
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IR  a  plan,  and  tho  latter  a  Bection,  of  n  part  of  tbe 
ice-fall  and  of  the  glacier  below  it ;  a  li  c  f  la  tlie  gorgt> 
of  the  fall,  /  b  being  the  base.  The  transverse  cliffy 
ice-ridges  are  ehown  crossing  the  caseade,  being  subdued 
at  the  liase  to  protuberances  which  gradually  disappear  as 
advance  dowawardg.  The  structure  sweeps  over  the 
ier  in  the  direction  of  the  fin*)  curved  lines ;  and  1  have 
endeavonred  to  show  the  direction  of  tho  radial  ere- 
Tasses,  which,  in  the  centre  at  least,  are  at  right  angles  to 
tbe  veins.  To  the  manifestation  of  structure  hero  consi- 
dered I  have,  for  the  sake  of  convenient  reference,  applied 
tho  term  tranKverae  structure. 

A  third  eshibition  of  the  stnicture  ia  now  to  Ik' 
noticed.  We  sometimes  find  it  in  the  middle  of  a  glacier 
anil  running  piiralUl  to  its  length.  On  the  centre  of  the 
ice-fall  of  the  Talfefre,  for  example,  we  have  a  stiiicturc  of 
this  kind  which  preserves  itself  parallel  to  tho  axis  of  tho 
fall  from  top  to  bottom.  But  we  discover  its  origin  higher 
up.  The  atjucture  here  has  been  produced  at  the  extremity 
the  Jardin,  wheri5  the  divided  ice  meets,  and  not  oidy 
into  partial  parallelism  the  veins  previously  exLit- 
aloug  the  sides  of  the  Jardin,  but  develops  them  sliU 
Pther  by  the  rautnal  pressure  of  the  portions  of  newly 
welded  ice.  Where  two  tributary  glaciers  unite,  this  is 
perhii))s  without  exception  the  case.  Underneath  the 
moraine  formed  by  the  junction  of  the  Talfefre  and  Lerhnud 
tho  structure  is  finely  developed,  and  the  veins  niu  in  the 
direction  of  the  moraine.  The  same  ia  true  of  tlie  ice 
under  the  moraine  formed  by  the  junctitm  of  the  Li'chaud 
and  G(^ant.  These  afterwards  form  the  great  medial  mo- 
raines of  tho  Mer  de  Glace,  and  hence  the  stnitluri,'  of  the 
trunk-stream  underneath  these  moraines  is  [uirallel  to  the 
direction  of  the  glacier.  This  is  also  true  of  tho  system  of 
morainos  formed  by  the  glaciers  of  Monte  Rosu.  It  is 
in  an  especial  manner  of  the  lower  glacier  of  the  Aar, 
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whose  medial  moraiue  perhaps  attains  grander  propcntions 
than  any  other  in  the  Alpa,  and  underneath  which  the 
Htnicture  is  finely  developed. 

The  manner  in  which  I  have  illnstrated  the  prodactioD 
of  this  structure  will  be  understood  from  Fig.  43.  b  b' 
are  two  wooden  boxe% 
communicating  by 
sluice-fronts  with  two 
branch  cauals,  which 
unite  to  a  commMi 
trunk  at  o.  They  are 
intended  to  represent 
respectively  the  trunk 
and  tributaries  of  the 
L'nteraar  Glacier,  the 
part  o  being  the  Ab- 
schwung,  where  the 
Lauteraar  and  Fin- 
steraar  glaciers  unite 
to  form  the  Unteiaar. 
The  mud  ia  fitst  per- 
'•s"-  mitted  to  flow  beneath 

tliti  two  sluices  until  it  has  covered  the  bottom  oS  the 
trougli  for  some  distance,  when  it  is  arrested.  The  end  of  a 
glass  tube  is  then  tiipped  into  a  mixture  of  rouge  and 
water,  and  small  circles  are  stamped  upon  the  mud.  The 
two  branches  are  tldckly  covered  with  these  circles.  The 
rihuces  being  again  raised,  the  mud  in  the  branches  moves 
downwards,  carrying  with  it  the  circles  stamped  upon  it; 
and  the  manner  in  which  these  circles  are  distorted  enables 
us  to  infer  the  strains  and  pressures  to  which  the  mud  is 
subjected  during  its  descent.  The  figure  represents  approxi- 
mately what  takes  place.  The  side-circles,  as  might  be  ex- 
pected, are  squeezed  to  oblique  o^-als,  but  it  is  at  the  i 
junction  of  the  branches  that  the  chief  effect  of  preBsore  is 
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produced.  Here,  by  the  mutual  thnisl  of  t)ie  branches,  the 
circles  are  not  only  changed  to  elongated  ellipses,  bat  even 
aquee»ed  to  straight  lines.  In  the  case  of  the  glacier  this 
b  the  region  at  which  the  structure  receives  its  main  deve- 
lopment To  this  manifestation  of  the  veins  I  have  applied 
B  term  Umgitudinat  gtnieture, 
!be  three  main  sources  of  the  blue  veins  are,  I  think, 
B  noted  ;  but  besides  these  there  are  many  local  causes 
which  influence  their  production.  I  have  seen  them  well 
formed  where  a  glacier  is  opjMDsed  by  the  sudden  bend  of 
a  valley,  or  by  a  local  promontory  wluch  presents  an  ob- 
stacle sufficient  to  bring  tlie  requisite  pressure  into  play. 
In  the  glaciers  of  the  Tyrol  and  of  tlie  Oberland  I  have 
seen  examples  of  this  kind ;  but  the  three  prinriipid 
eourecs  of  the  veins  are,  I  think,  those  stated  above. 

It  was  long  before  I  cleared  my  mind  of  doubt  regard- 
ing the  origin  of  the  lamination.     When  on  the  Mcr  i\a 
Q-lace  ill  1857  I  spared  neither  risk  nor  labour  to  instruct 
myself  regarding  it     I  explored  the  Tal&fre  bafiln,  its  cas- 
^^ftde,  and  the  ice   beneath  it.     Several  days  were  spent 
^Msid  the  ice  humps  and   eliffs  at  the   lower  portion  of 
^P^B  faU.     1   suppose  I   traversed  the  Glacier  du  Gcant 
^Twenty  times,  and  passed  eight  or  ten  days  amid  the  con- 
fusion of  its  great  cascade.     I  visited  thoso  places  wheiv, 
it  had  been  allirmed,  the  veins  were  prixluced.     I  endea- 
voured to  satisfy  myself  of  the  mutability  which  had  been 
ascribed  to  them ;  but  a  close  examination  reduced  the 
value  of  each  particuhir  case  so  much  that  I  quitted  the 

Ker  that  year  with  nothing  more  tlian  an  opinion  that 
itmctnre  and  the  stratification  were  two  different 
p.  I,  however,  drew  up  a  statement  of  the  fails 
obeerved,  with  the  view  of  presenting  It  to  the  Itiiyul 
Society ;  but  1  afterwards  felt  tliat  in  thus  acting  I  BhuuM 
merely  swell  the  literature  of  tlie  subject  without  adding 
^ythiiig  certain.      I  therefore  withlield   the   paper,  and 
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resolved  to  devote  another  year  to  a  search  among  the  chief 
glaciers  of  the  Oberland,  of  the  Canton  Valais,  and  of  Savoy, 
for  proofs  which  should  relieve  my  mind  of  all  doubt  upon 
the  subject. 

Accordingly  in  1858  I  visited  the  glaciers  of  Rosenlaui, 
Schwartzwald,  Grindelwald,  the  Aar,  the  Rhone,  and  the 
Alctsch,  to  the  examination  of  which  latter  I  devoted  more 
than  a  week.  I  afterwards  went  to  Zermatt,  and,  taking  up 
my  quarters  at  the  Riffelberg,  devoted  eleven  days  to  the 
examination  of  the  great  system  of  glaciers  of  Monte  Rosa. 
I  explored  the  Gorner  glacier  up  almost  to  the  Cima  de 
Jazzi ;  and  believed  that  in  it  I  could  trace  the  structure 
from  portions  of  the  glacier  where  it  vanished,  throu^ 
various  stages  of  perfection,  up  to  its  full  development.  I 
believe  tliis  still ;  but  yet  it  is  notliiiig  but  a  belief,  which 
the  utmost  labour  that  I  could  bestow  did  not  raise 
to  a  certainty.  The  Western  glacier  of  Monte  Rosa,  the 
^cliwartze  glacier,  the  Trifti  glacier,  the  glacier  of  the 
little  Mont  Cervin,  and  of  St.  Tlieodule,  were  all  examined 
in  coimexion  witli  tlie  great  trunk-stream  of  the  Gorner, 
to  wliicli  tliey  weld  themselves ;  and  though  the  more  I 
pursued  the  subject  the  stronger  my  conviction  became 
that  pressure  was  the  cause  of  the  structure,  a  crucial  case 
was  still  wanting. 

In  the  phenomena  of  slaty  cleavage,  it  is  often,  if  not 
usually,  found  that  the  true  cleavage  cuts  the  planes  of 
stratification — sometimes  at  a  ver}'  high  angle.  Had  tliis 
not  been  proved  by  the  observations  of  Sedgwick  and 
others,  geologists  would  not  have  been  able  to  conclude  tliat 
cleavage  and  bedding  were  two  different  things,  and 
needed  wholly  different  explanations.  Sly  aim,  throughout 
the  expedition  of  1858,  was  to  discover  in  the  ice  a  pu^el 
case  to  the  above ;  to  find  a  clear  and  undoubted  instance 
where  the  veins  and  the  stratiiication  were  simultaneously 
exhibited,  cutting  each  other  at  an  unmistakeable  angle. 


0A6E  OF  STRUCTtlKK  OS  THIC  AI.ETSCH, 


^ill 


the  6th    of  AugTiBt,   while   engaged   with   Professor 

«iy  upon  the  Great   Atetsch  (Jlacier,  not  far  from 

I  junotinu  with  the  Middle   Aletsch,  I  observed   what 

me  to  be  the  lilies  of  bedrling  riuining  nearly 

TJzontal  along  the  wall  of  a  great  crevasse,  while  cnt- 

tjng  them  at  a  large  anglo  v/an  tlio  true  veined  stnicturc. 

1  drew  my  friend's  attention  to  the  fact,  and  to  him  it  a[i- 

^jpeared  perfectly  poufluaiye.     It  is  from  a  sketch  made  by 

^fifan  at  the  place  that  Fig.  44  baa  been  taken. 


This  was  the  only  case  of  the  kind  which  I  obflerved 

upon  the  -\letsch  Glacier ;  and  as  I  afterwards  spent  day 

HgilteT  day   upon  the   Monte  Rosa  glaciers,  vainly  sf^ek- 

^^K[  a   similar    iiistanoe,  the  thought  again  liauiited  me 

^^^t  we  might  have   been   mistaken  upon   the   AJetst-li. 

^^Hi  this  state  of  mind  I  remained  until  the  18th  of  August, 

a  day  devoted  to  tlie  examination  of  the  Fui^go  Glacior. 

which  lies  at  the  base  of  the  Mont  Cervin. 

Crossing  tlie  valley  of  the  Corner  Glacier,  and  tukmg  a 
plunge  us  1  passed  into  the  Schwarzo  Sec.  I  reaclied,  in 
good  time,  the  objoct  of  my  day's  excursion.  Walking  ujj 
lacier,  1  at  length  found  myself  opposed  by  a  fmz'-ii 
comfMJSod  ol'  four  liigh  ttirruces  of  ice.  The 
L  of  these  was  cliicfly  tK>mpo8ed  of  ice-cliffs  and 
many  of  which    had    fallen,  and    now    utoot]    like 
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rocking-stones  upon  the  edge  of  the  second  terrace.  The 
glacier  at  tlie  base  of  the  cascade  was  strewn  with 
broken  ice,  and  some  blocks  two  hundred  cubic  feet  in 
volume  had  been  cast  to  a  considerable  distance  down 
the  glacier. 

Upon  the  faces  of  the  terraces  the  stratification  of  the 
n^^  was  most  beautifully  shown,  running  in  parallel  and 
horizontal  lines  along  the  weathered  surface.  The  snow- 
field  above  the  cascade  is  a  frozen  plain,  smooth  almost  as 
a  sheltered  lake.  The  successive  snow-falls  deposit  them- 
selves with  great  regularity,  and  at  the  summit  of  the 
cascade  the  sections  of  the  ncvc  are  for  the  first  time 
exposed.    Hence  their  peculiar  beauty  and  definition. 

Indeed  the  figure  of  a  lake  pouring  itself  over  a  rocky 
barrier  which  curves  convexly  upwards,  thus  causing  the 
water  to  fall  down  it,  not  only  longitudinally  over  the 
vertex  of  the  ciurvo,  but  laterallv  over  its  two  arms,  will 
convey  a  tolerably  correct  conception  of  the  shape  of  the 
fall.  Towards  the  centre  the  ice  was  powerfully  squeezed 
laterallv,  the  beils  were  bent,  and  their  eontinuitv  often 
broken  by  faults.  On  inspecting  the  ice  from  a  distance 
with  my  opera  glass,  I  tliought  I  saw  structural  groovings 
cutting  the  strata  at  almost  a  right  angle.  Had  the  ques- 
tion been  an  undLsi)uted  one,  1  should  perhaps  have  felt 
so  sure  of  this  as  not  to  incur  the  danger  of  pushing  the 
inquiry  further;  but,  under  the  circumstances,  danger 
was  a  secondary  point.  Kesigniug,  therefore,  my  glass 
to  my  guide,  who  was  to  watch  the  tottering  blocks  over- 
head, and  give  me  warning  should  they  move,  I  advanced 
to  the  base  of  the  fall,  removed  witli  my  hatchet  the 
weathered  surface  of  the  ice,  and  found  underneath  it  the 
tnie  veined  stnicture,  cutting,  at  nearly  a  right  angle,  the 
pianos  of  stratification.  The  superficial  groovings  were  not 
uniformly  distributed  over  the  fall,  but  appeared  most 
decided  at  those  places  where  the  ice  appeared  to  have 
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11  moet  squeezed.  I  examined  three  or  four  of  thesi- 
ea,  and  in  oacli  case  found  tlio  true  veins  nearly  ver- 
tical, while  the  bedding  was  horizontal.  Having  perfectly 
satistied  myBelf  of  these  facte.  I  made  a  speedy  retreat, 
for  the  ice-hlocks  seemed  most  threatening,  and  the  sunny 
hour  was  that  at  which  they  fail  most  frequeutly. 

1  next  tried  tJie  ascent  of  the  glacier  up  a  dislocated 
declivity  to  the  right  The  ice  was  much  riven,  but 
sUll  practicable.  My  way  for  a  time  lay  amid  fiBsures 
whiuh  exposed  magnificent  aectious,  and  every  step  I 
took  added  further  demonstration  to  what  I  had  observed 
below.  The  strata  were  perfectly  distinct,  the  structure 
equally  so,  and  one  crossed  the  other  at  an  angle  of 
seventy  or  eighty  degrees.  Mr,  Sorby  has  adduced  a  case 
of  the  crumpling  of  a  bed  of  sandstone  through  which 
the  cleavage  passes:  here  on  the  glacier  I  had  jiarallel 
cases;  the  beds  were  bent  and  crumpled,  hut  the  stnic- 
ture  ran  through  the  ice  in  sharp  straight  lines.  This 
perhaps  was  the  most  pleasant  day  I  ever  spent  U|>on 
iho  glaciers :  my  mind  was  relieved  of  a  long  brooding 
4li>ubt,  and  the  intellectual  freedom  thus  obtained  added 
a  Bubjectira  grandeur  to  the  noble  scene  before  nif. 
nbing  tho  cliffs  near  the  basu  of  the  Matterhoru.  I 
Iked  along  the  ro4^'ky  spine  which  extends  to  the  Ilornli, 
I  afterwards  descfinded  by  the  valley  of  Zmutt  to  Zer- 
matt. 

A  year  after  my  return  to  England  a  remark  contained 
ju  Professor  Moiissrtii's  interesting  little  work  '  Die  Glet<icher 
<l«r  Jetuzeit '  caused  me  to  refer  to  the  atlas  of  JI. 
Agassix's  '  Systfeme  Glaciaire,'  from  which  I  learned  that 
ibis  indefatigable  observer  had  figured  a  case  of  stratifi- 
cation and  structure  cutting  each  other.  If,  however,  I 
had  seen  this  figure  beforehand,  it  would  not  liave  changed 
f  movements ;  for  the  case,  as  sketched,  would  not  have 
tviQcod  me.     I  have  now  no  doubt  that  M.  Agassiz  Iuih 
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preceded  me  in  this  obaerration,  and  hence  my  results  are 
to  be  taken  as  mere  confirmations  of  his. 

Fig,    45     represents   a 

crumpled  portion  of  the  ice 

with  the  lines  of  lamination 

passing  through  the  strata. 

]X-"^  "'      '"    "  ^   J  ^'      Fig.  46  represents  a  case 

-—  -- where    a    fault    had    oc- 

Hg«  ciirred,  the  veins  at  both 

sides  of  the  line  of  dislocation  being  inclined  towards  each 
^her. 


DIFFBBENTIAL  MOTION  GBEATEST  AT  EDGES 


THE   VEINED   STnUOTURK  AND    THE 
DIFFERENTIAL  MOTION. 

iBAVG  now  to  Hxamiiie  briefly  the  ex]ilauiition  of  the 
;ure  which  refers  it  to  dlffereDtial  raotion — to  a  sliding 
(he  particles  of  ice  post  each  other,  which  leaves  the 
of  its  existoBco  in  the  blue  veins.  The  fact  is  em- 
phatically dwelt  upon  by  those  who  hold  this  view,  that 
the  Blriictnre  is  liest  developed  nearest  to  the  sides  of  the 
glacier,  where  the  differential  motion  is  greatest.  Why 
the  differential  motion  is  at  ite  maximum  near  to  the 
sides  is  easily  understood.  Let  A  ii, 
ip-D,  Fig.  47,  represent  tlie  two  sides 
glacier,  moviog  in  the  direction  of 
arrow,  and  let  m  a  6  c  it  be  a 
'straight  line  of  stakes  eel  out  across  "  - 
tlie  i^Iucier  to-day.  Six  months  hence 
this  Uui',  liy  the  motion  of  the  ice 
downwards,  will  be  bent  to  the  form 
m  a'  />'  e'  n :  this  curve  will  not  be  cir- 
cular, it  will  be  flattened  in  the  middle ; 
EjKiinta  a  and  c.  at  Homo  distance 
each  side  of  the  centre  f>,  move  in  pig, «.   ■ 

with  nearly  the  same  velocity  as  the  centre  itaelf. 
Not  90  with  the  sides:— a'  and  c'  have  moved  considerably 
ia  advance  of  m  and  n,  antl  hence  we  say  that  the  difler- 
enoe  of  moUon,  or  the  diffei'eutial  motion,  of  the  particlt-y 
lice  near  to  the  side  is  a  maxininm. 
\  During  all  this  time  the  [mints  m  a'  b'  &  n  have  been 


I  and  1 


>  it  will  be 


viiig  straight  down  the  glocic 

lersfood  that   Ihc  sliding  of  the  parts  yasA.  caAv  •-■j^w?s. 
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or,  in  other  words,  the  diflferential  motion,  is  parallel  to  the 
sides  of  the  glacier.  This,  indeed,  is  the  only  differential 
motion  that  experiment  has  ever  established ;  and  conse- 
quently, when  we  find  the  best  blue  veins  referred  to 
the  sides  of  the  glacier  because  the  differential  motion 
is  there  greatest,  we  naturally  infer  that  the  motion  meant 
is  parallel  to  the  sides. 

But  the  fact  is,  that  this  motion  would  not  at  all  account 
for  the  blue  veins,  for  they  are  not  parallel  to  the  sides; 
but  oblique  to  them.  This  difficulty  revealed  itself  after  a 
time  to  those  who  first  propounded  the  theory  of  differen- 
tial motion,  and  caused  them  to  modify  their  explanation 
of  the  structure.  Differential  motion  is  still  assumed  to  be 
the  cause  of  the  veins,  but  now  a  motion  is  meant  oblique  to 
the  sides,  and  it  is  supposed  to  be  obtained  in  the  following 
way: — Through  the  quicker  motion  of  the  point  d  the 
ice  between  it  and  n  becomes  distended;  that  is  to 
say,  the  line  c'  n  is  in  a  state  of  strain — there  is  a  drag, 
it  is  said,  oblique  to  the  sides  of  the  glacier ;  and  it 
is  therefore  in  this  direction  that  tlie  particles  will  be 
caused  to  slide  past  each  other.  Dr.  Whewell,  who  ad- 
vocates this  view,  thus  expounds  it.  lie  supposes  the  case 
of  an  alpine  valley  filled  with  India-rubber  which  has  been 
warmed  until  it  has  partially  melted,  or  become  viscous,  and 
then  asks,  "What  will  now  be  the  condition  of  the  mass? 
Tlie  sides  and  bottom  will  still  be  held  back  bv  the  fric- 
tion  ;  the  middle  and  upper  part  will  slide  forwards,  but  not 
freely.  This  want  of  freedom  in  the  motion  (arising  from 
the  viscosity)  will  produce  a  drag  towards  the  middle  of 
the  valley,  where  the  motion  is  freest ;  hence  the  direction 
in  which  the  filaments  slide  past  Ciich  other  will  be  ob- 
liquely directed  towards  tlie  middle.  The  sliding  will 
separate  the  mass  according  to  such  lines ;  and  though  new 
attachments  will  take  i)lace,  the  mass  may  be  exj>ected  to 
retain  the  results  of  this  separation  in  the  traces  of  parallel 
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L 

^HpTO^E."*     NotJiing  can  be  clearer  tlian  tlio  image  of  the 
^^tocem  thus  placed  before  tlie  mimi's  eye. 

One  fact  of  especial  importance  is  to  l»e  borne  iu  mind :  1  he 
sliding  of  filaments  which  is  thus  supposed  to  take  place 
blique  to  the  glacier  has  never  been  proved ;  it  is  wliolly 
tned.  A  moraine,  it  is  admitted,  will  run  parallel  to 
I  side  of  a  glacier,  or  a  block  viU  move  in  the  same 
etion  from  beginning  to  end,  without  being  sensibly 
drawn  towards  the  centre,  bnt  atill  it  ia  aiipitoso<l  tliat  the 
sliding  of  parts  exists,  though  of  a  character  si.)  small  as 
to  render  it  insensible  to  measurement. 

My  chief  difficulty  as  reganls  this  theory  may  be  os- 
pressed  iu  a  very  few  words.  If  the  structure  bo  produced 
by  differential  motion,  why  is  the  large  and  real  differential 
motion  which  experiments  have  established  incompetent 
to  produce  it?  And  how  can  the  veins  run,  as  they  are 
admitted  to  <io,  acroes  the-  lines  of  maxivium  sliding  from 
their  origin  throughout  the  glacier  to  it«  end  ? 

That  a  drag  towards  the  ceutre  of  the  glacier  exists  is 
iindeniablc,  but  that  in  consequence  of  the  drag  there  ia  a 
alidiug  of  filaments  in  this  direction,  is  quite  another  thing. 
1  have  ill  another  placet  endeavoured  to  show  exiieri- 
ntally  that  no  such  sliding  takes  place,  that  the  c[rag 
^  'any  point  towards  the  centre  expresses  only  half  tJie 
ditioiis  of  the  problem ;  being  exactly  neutralized  by 
thmst  towards  tlie  sides.  It  has  been,  moreover, 
t  by  Mr.  Hopkins  that  the  lines  of  maximum  strain 
1  of  maximum  sliding  cannot  coincide ;  indeed,  if  all  the 
particles  be  urged  by  the  same  force,  no  matter  how 
strong  the  pull  may  bo,  there  will  be  no  tendency- of  one 
ilide  past  the  other. 


a  lioynl  InriitutiuD.'  *al.  ii  p.  321. 
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THE  RIPPLE-THEORY  OF  THE  VEINED 

STRUCTUEE. 

(29.) 

The  assumption  of  oblique  sliding,  and  the  production 
thereby  of  the  marginal  structure,  have,  however,  been 
fortified  by  considerations  of  an  ingenious  and  very  inte- 
resting kind,  "How,"  I  have  asked,  "can  the  oblique 
structure  persist  across  the  lines  of  greatest  differential 
motion  throughout  the  length  of  the  glacier  ?"  But  here  I 
am  met  by  another  question  which  at  first  sight  might 
seem  equally  unanswerable — "How  do  ripple-marks  on 
the  surface  of  a  flowing  river,  which  are  nothing  else 
than  lines  of  differential  motion  of  a  low^  order,  cross  the 
river  from  the  sides  obliquely,  while  the  direction  of  great^t 
diflerential  motion  is  parallel  to  the  sides  ?"  If  I  under- 
stand ariglit,  this  is  the  main  argument  of  Professor  Forbes 
in  favour  of  his  theory  of  the  oblique  marginal  structure. 
It  is  first  introduced  in  a  note  at  page  378  of  his  '  Travels ;' 
he  alludes  to  it  in  a  letter  written  the  following  year ;  in  his 
paper  in  the  '  Philosoi)hical  Transactions '  he  develops  the 
theory.  He  there  gives  drawings  of  ripple-marks  observed 
in  smooth  gutters  after  rain,  and  which  he  finds  to  be  in- 
clined to  tlie  course  of  the  stream,  exactly  as  the  marginal 
structure  is  inclined  to  the  side  of  the  glacier.  The  explana- 
tion also  embraces  the  case  of  an  obstacle  placed  in  the  centre 
of  a  river.  "  A  case,"  writes  Professor  Forbes,  "  parallel 
to  the  last  mentioned,  where  a  fixed  obstacle  cleaves  a  de- 
scending stream,  and  leaves  its  trace  in  the  fan-shaped  tail, 
is  well  known  in  several  glaciers,  as  in  that  at  Fer})ecle, 
and  the  Glacier  de  Lys  on  the  south  side  of  Monte  Kosa ; 
particullu-ly  the  last,  where  the  veined  structure  follows 
the  law  just  mentioiied"     In   his   Twelfth    Letter  he 
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>  refers  to   the  ripples  "  aa  (•xactly  rorrespondiiig  to 

I  potdtioa  of  the   icy  bands."     In   his   letter  to   Dr. 

tewell,  published  in  the  'Occasional  Papers.'  page  5S, 

J  ftTites  08  follows : — "  The  same  is  remarkably  shown 

(the  case  of  a  stream  of  water,  for  instance   a  mill- 

Although  the  movement  of  the  water,  aa  ahowTi 

E  floating  bodies,  is  exceedingly  nearly  (i'or  sraall  velo- 

1  sensibly)  parallel  to   the   sides,   yet   the   variation 

the  gpeed  from   the   sidfi  to  the  centre  of  the  stream 

asEons   a    ripple,    or    molecular    discontinuity,    which 

hies  forwanUi   from   the  sides   to   the  centre   of  the 

an    angle    with  the   axis   depending   on   the 

ratio   of  the   central   and    lateral  velocity.     The   veined 

mctiire  of  the  ice  corresponds  to  the  ripple  of  the  wat«r, 

k^molecular   discontinuity   whose   measure    is  not   com- 

ible  to  the  actual  velocity  of  the  ice;    and  therefore 

i  general  movement  of  the  glacier,  as  indicated  by  the 

aines,  remains  sensibly  parallel  to  the   sides."     This 

?  opens  up  to  us   a  series  of  interesting  and  novel 

isiderationa  wliich  I  think  will  repay  the  reader's  atteii- 

If  the   ripples  in  the  water  and  the  veins  in  the 

Ibe  due  to  the  same  mechanical  cause,  when  we  develop 

irly  the  origin  of  the  former  we  are  led  directly  to  the 

matiou  of  the  latter.     I  shall  now  endeavour  to   re- 

B  the  ripples  to  their  mechanical  elements. 

"he  Messrs.  Weber  have   described  in  their '  Wellen- 

1     effect    of    wave-motion    which    it    is    very 

to   obtain.     Wlien  a  boat  moves  through  perfectly 

einooth  water,   and  the  rower  raises  his  oar  out  of  the 

water,  drops  trickle  from  its  blade,  and  each  drop  where  it 

fitlls   produces  a  system   of  concentric  rings.      The  cir- 

waves    as  they  widen    become    depressed,  and,   if 

>p8  succeed  each  other  with   suificient  speed,  the 

s  croBS  each  other  at  innumerable  points.     Tlie  effect 

I  to   blot   out   morn   or  Isaa   cjoiiv^w\);^-j   ?Si-  "^^^ 
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circles,  and  to  leave  behind  two  straight  divergent 
ripple-liueB,  which  are  tangents  to  all  the  external  rings ; 
being  in  feet  formed  1^  the  intersections  of  the  latter, 
as  a  caustic  in  optics  is  formed  by  the  intersection  of 
luminooB  rays.    Fig.  48,  which  is  virtually  copied  &om 


M.  Weber,  will  render  this  description  at  once  intelli- 
gible. The  boat  is  supposed  to  move  in  the  direction  of 
the  arrow,  and  as  it  does  so  the  rings  which  it  leaves 
behind  widen,  and  produce  the  divergence  of  the  two 
straight  resultant  lines  of  ri])ple. 

The  more  quickly  tho  drops  succeed  eacli  other,  the 
more  frequent  will  be  tlie  intersections  of  the  rings ;  but  as 
the  speed  of  succession  augments  we  approach  tlie  case 
of  a  continuous  vein  of  liquid  ;  and  if  we  suppose  the  con- 
tinuity to  bo  perfectly  established,  the  ripples  will  still  be 
produced  with  a  smooth  sjtace  between  tliom  as  before. 
This  experiment  may  indeed  bo  made  with  a  well-wetted 
oar,  which  on  its  first  emergence  from  the  water  sends  into 
it  a  continuous  liquid  vein.  The  same  effect  is  produced 
when  we  substitute  for  the  stream  of  liquid  a  solid  rod — 
a  common  walking-stick  for  example.  A  water-fowl  swim- 
ming in  calm  water  produces  two  divergent  lines  of  ripples 
of  a  similar  kind. 

We  have  here  supposed  the  water  of  the  lake  to  be  at 
rest,  and  the  Uqmd  ^ein  ot  iVw  solid  rod  to  move  through 
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[  but  precisely  tlie  same  effect  is  produced  if  we  suppose 
i  rod  Ht  rest  mid  the  liquid  iu  motion,  Let  a  post,  for 
inple,  be  fixed  in  the  middle  of  a  Howing  river ;  diverg- 
i  that  pi.ist  right  and  left  we  shall  have  lines  of 
e  exactly  as  if  tlie  liquid  were  at  reet  and  the  post 
i  through  it  with  the  velocity  of  the  river.  If  the 
s  post  he  placed  close  to  the  bank,  so  that  one  of  ite 
8  only  shall  act  upon  the  water,  diverging  from  tliat 
we  shall  have  a  single  line  of  ripples  which  will  cross 
B  rirer  obliquely  towards  its  centre.  It  is  maiul'est  that 
jfiy  other  obstacle  will  produce  the  same  effeet  as  our 
hypotlietieal  post.  In  the  words  of  Professor  Forbes,  "  the 
slightest  prominence  of  any  kind  in  the  wall  of  such  u 
conduit,  a  bit  of  wood  or  a  tuft  of  grass,  is  suSicient  to 
(duce  a  well-marked  ripple-streak  from  the  side  towards 
»  centre." 
■The  foregoing  considerations  show  that  the  dive^ence 
f-tlie  two  lines  of  ripples  from  the  central  ])oat,  and  of 
)  single  line  in  the  case  of  the  lateral  post,  have  their 
lanical  element,  if  I  may  use  the  term,  in  the 
riment  of  the  Messrs,  Weber.  In  the  cose  of  u 
duck  the  tronnexiou  between  the  divergiiip 
I  of  ripples  and  the  propagation  of  rings  round  a 
disturbed  piint  is  often  veiy  prettily  shown.  When  the 
creature  swims  with  vigour  the  littJe  foot  with  which 
it  strikes  the  water  often  comes  suEHcieutly  near  to  the 
surface  to  produce  au  elevation, — sometimes  indeed  emerg- 
ing from  the  water  altogether,  liound  the  point  thus  dis- 
turbed rings  are  immediately  propagated,  and  the  widening 
of  tiiotiD  rings  U  tlte  exact  meagitre  of  the  diwrgmce  of  the 
ripple  iines.  The  rings  n(?vcr  cross  thu  lines ; — the  lines 
r  retreat  from  the  rings. 

f  wo  compare  the  mechanical  actions  here  traced  out 

t  tlu)i«e  which  take  pluco  upon  a  glacier,  I  think  it  will 

iseen  that  tlie   analugj*  between  the  ripples  (tud  ^% 
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veined  structure  is  entirely  superficial.  How  the  struo- 
ture  ascribed  to  the  Glacier  de  Lys  is  to  be  explained  I 
do  not  know,  for  I  have  never  seen  it ;  but  it  seems  im- 
possible that  it  could  be  produced,  as  ripples  are,  by  a  fixed 
obstacle  which  "  cleaves  a  descending  stream."  No  one 
surely  will  affirm  that  glacier-ice  so  closely  resembles  a 
fluid  as  to  be  capable  of  transmitting  undulations,  as  water 
propagates  rings  round  a  disturbed  point.  The  difficulty 
of  such  a  supposition  would  be  augmented  by  taking  into 
account  the  motion  of  the  individual  liquid  particles  which 
go  to  form  a  ripple ;  for  the  Messrs.  Weber  have  shown 
that  these  move  in  closed  curves,  describing  orbits  more 
or  less  circular.  Can  it  be  supposed  that  the  particles  of 
ice  execute  a  motion  of  this  kind?  If  so,  their  orbital 
motions  may  be  easily  calculated,  being  deducible  from 
the  motion  of  the  glacier  compounded  with  the  inclination 
of  the  veins.  If  so  imi)ortant  a  result  could  be  established, 
all  glacier  theories  would  vanish  in  comparison  with  it. 

There  is  another  interesting  point  involved  in  the  pas- 
sage above  quoted.  Professor  Forbes  considers  that  the 
ripple  is  occasioned  by  the  variation  of  speed  from  the  side 
to  the  centre  of  the  stream,  and  that  its  incUnatimi  depends 
on  the  ratio  of  the  central  and  lateral  velocity.  If  I  am 
correct  in  the  above  analysis,  this  cannot  be  the  case.  The 
inclination  of  the  ripple  depends  solely  on  the  ratio  of  the 
river  s  translatory  motion  to  the  velocity  of  its  wave-mo- 
tion. Were  the  lateral  and  central  velocities  alike,  a 
momentary  disturbance  at  the  side  would  produce  a  straight 
ripple-mark,  whose  inclination  would  be  compounded  of 
the  two  elements  just  mentioned.  K  the  motion  of  the 
water  vary  from  side  to  centre,  the  velocity  of  wave-pro- 
pagation remaining  constant,  the  inclination  of  the  ripple 
will  also  vary,  that  is  to  say,  we  shall  have  a  curved  ripple 
instead  of  a  straight  one.  This,  of  course,  is  the  case  which 
we  find  in  Nature,  but  the  curvature  of  such  ripples  is 
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totally  different  from  that  of  the  veined  structure.  Owing 
to  the  quicker  translatory  movement,  the  ripples,  as  they 
approach  the  centre,  tend  more  to  parallelism  with  the 
direction  of  the  river ;  and  after  having  passed  the  centre, 
and  reached  the  slower  water  near  the  opposite  side,  their 
inclination  to  the  axis  gradually  augments.  Thus  the 
ripples  fix)m  the  two  sides  form  a  pair  of  symmetric  curves, 
which  cross  each  other  at  the  centre,  and  possess  the  form 
a  0  by  cod,  shown  in  Fig.  49.     A  similar  pair  of  curves 


Fig.  49. 

would  be  produced  by  the  reflection  of  these.  Knowing 
the  variation  of  motion  from  side  to  centre,  any  competent 
mathematician  could  find  the  equation  of  the  ripple-curves ; 
but  it  would  be  out  of  place  for  me  to  attempt  it  here. 
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THE  VEINED  STRUCTURE  AND  PRESSURE. 

(30.) 

If  a  prism  of  glass  be  pressed  by  a  sufficient  weight,  the 
particles  in  the  line  of  pressure  will  be  squeezed  more 
closely  together,  while  those  at  right  angles  to  this  line 
will  be  forced  further  apart.  The  existence  of  this  state  of 
strain  may  be  demonstrated  by  the  action  of  such  squeezed 
glass  upon  polarised  light  It  gives  rise  to  colours,  and 
it  is  even  possible  to  infer  from  the  tint  the  precise  amount 
of  pressure  to  which  the  glass  is  subjected.  M.  Wer- 
theim  indeed  has  most  ably  a])plied  these  facts  to  the 
construction  of  a  dy  nanometer,  or  instrument  for  measuring 
pressures,  exceeding  in  accuracy  any  hitherto  devised. 

Wien  the  pressure  applied  becomes  too  great  for  the 
glass  to  sustain,  it  Hies  to  pieces.  But  let  us  suppose  the 
sides  of  the  prism  defended  by  an  extremely  strong  jacket, 
in  w^hich  the  prism  rests  like  a  closely-fitting  plug,  and 
which  yields  only  when  a  pressure  more  than  sufficient  to 
crush  the  glass  is  applied.  Let  the  pressure  be  gradually 
augmented  until  this  point  is  attained  ;  afterwards  both  the 
glass  and  its  jacket  will  sliorten  and  widen  ;  the  jacket  wiD 
yield  laterally,  being  pushed  out  with  extreme  slowness  by 
the  glass  within. 

Now  I  believe  that  it  would  be  possible  to  make  tliis 
experiment  in  such  a  manner  that  the  glass  should  be 
flattoied,  partly  tlirough  nipture,  and  partly  through  lateral 
molecular  yielding  ;  the  prism  would  change  its  form,  and 
yet  present  a  firmly  coherent  mass  when  removed  from  its 
jacket.  I  have  never  made  the  experiment ;  nobo<ly  has, 
as  far  as  I  know ;  but  experiments  of  this  kind  are  often 
made  by  Nature.    Iiv  the  Museum  of  the   Government 
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School  of  Mines,  for  example,  we  have  a  collection  of 
cjuartz  stones  placed  there  by  Mr,  Salter,  and  which  have 
been  subjected  to  enormous  pressure  in  the  DeighbourhofHl 
iif  a  fault.  These  ri^d  pebbles  have,  in  some  caj^es,  been 
ai^neezed  against  each  other  so  as  to  produce  mutual  lUt- 
tening  and  indentation.  Some  of  them  have  yielded  along 
planes  paitsiiig  through  them,  as  if  oae-half  had  slidden  over 
the  other;  but  the  reattachment  is  very  strong.  Some  of 
the  larger  stones,  moreover,  which  have  endured  preesiire 
at  ft  particular  point,  are  fissured  radially  around  this 
point  III  short,  the  whole  collection  is  a  most  inatmctive 
example  of  the  manner  and  extent  to  which  one  of  the 
most  rigid  substances  in  nature  can  yield  ou  the  applica- 
tion of  a  sufficient  force. 

liCt  a  prism  of  ice  at  32"  be  placed  in  a  similar  jacket 
to  that  which  we  have  supposed  to  envelop  the  glass  prism. 
The  ice  yields  to  the  pressure  with  incomparably  greater 
ease  llian  the  glass ;  aud  if  the  force  be  slowly  apphcd,  the 
lateral  yielding  will  far  more  closely  resemble  that  of  a 
truly  plastic  body.  Supposing  such  a  piece  of  ice  to  be 
filled  with  numerous  small  air-bubbles,  the  tendency  of  the 
pressure  would  be  to  fatten  these  bubbles,  and  to  squeeze 
them  out  of  the  ice.  Were  the  substance  perfectly  homo- 
geneous, this  flattening  and  expidsion  would  take  place 
uniformly  throughout  its  entire  muss ;  but  I  believe  there 
ix  no  such  homogeneous  substance  in  nature ; — the  ice  will 
yield  at  different  places,  leaving  between  them  spaces 
which  are  comparatively  unaffected  by  the  pressure.  From 
the  former  spaces  the  air-bubbles  will  be  more  effectually 
expelled;  and  I  have  no  doubt  that  the  result  of  such 
presBuri!  aetiug  upon  ice  so  protected  would  be  to  pro- 
duce a  lamiuatetl  structure  somewhat  similar  to  that  which 
it  produces  in  those  bodies  which  exhibit  slaty  cleavage. 

I  also  think  it  certain  that,  in  this  lateral  dis])lac^ 
meut  of  the  particles,  these  must  move  yiast  ftttc'c^  d^tt. 
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This  is  an  idea  which  I  have  long  entertained,  as  he 
following  passage  taken  from  the  paper  published  by 
Mr.  Huxley  and  myself  will  prove  : — "  Three  principal 
causes  may  operate  in  producing  cleavage:  first,  the 
reducing  of  surfaces  of  weak  cohesion  to  parallel  planes ; 
second,  the  flattening  of  minute  cavities ;  and  third, 
the  weakening  of  cohesion  by  tangential  action.  The 
third  action  is  exemplified  by  the  state  of  the  rails  near 
a  station  where  a  break  is  habitually  applied  to  a  loco- 
motive. In  this  case,  while  the  weight  of  the  train  presses 
vertically,  its  motion  tends  to  cause  longitudinal  sliding  of 
the  particles  of  the  rail.  Tangential  action  does  not,  how- 
ever, necessarily  imply  a  force  of  the  latter  kind.  When 
a  solid  cylinder  an  inch  in  height  is  squeezed  to  a  vertical 
cake  a  quarter  of  an  inch  in  height,  it  is  impossible,  phy- 
sically speaking,  that  the  particles  situated  in  the  same 
vertical  line  shall  move  lateraUy  with  the  same  velocity ; 
but  if  they  do  not,  the  cohesion  between  them  will  be 
weakened  or  niptured.  The  pressure^  however,  wiU.  pro- 
duce new  contact ;  and  if  tliis  have  a  cohesive  value  equal 
to  that  of  the  old  contact,  no  cleavage  from  this  cause  can 
arise.  The  relative  capacities  of  different  substances  for 
cleavage  ai)pears  to  de})end  in  a  great  measure  uix)n  their 
different  properties  in  this  respect.  In  butter,  for  ex- 
ample, the  new  attachments  are  equal,  or  nearly  so,  to  the 
old,  and  the  cleavage  is  consequently  indistinct ;  in  wax 
this  does  not  appear  to  be  the  case,  and  hence  may  ari8<^ 
in  a  great  degree  the  perfection  of  its  cleavage.  The 
further  examination  of  this  subject  promises  interesting 
results."  I  would  dwell  upon  this  point  the  more  distinctly 
as  the  advocates  of  differential  motion  may  deem  it  to  be 
in  their  favour ;  but  it  appears  to  me  tliat  the  mechanical 
conceptions  implied  in  the  above  passage  are  totally 
different  from  theirs.  If  they  think  otherwise,  then  it 
seems  to  me  that  they  should  change  the  expressions  which 


NO  SLIDINO  OF  FILAMENTB. 


407 


■  the  differential  motion   to  a  "drag"  towards  the 

re,  and  the  structurts  to  the  Btiding  of  "  filameute  "  past 

k  other  in  consequence  of  this  drag.     Such  filameniary 

;  may  take  place  iu  a  truly  viscous  body,  hut  it  doe» 

3  place  in  ice. 

I  In  one  particular  the  ice  resembles  the  butter  referred 
|hm  the  above  quotatiou  ;  for  ila  new  iittacliments  appear 
b  be  eqUiil  to  thi;  old,  and  this,  I  think,  is  to  he  ascribed 
I  perfect  regelation.  Aa  justly  pointed  out  bj-  Mr. 
I  Ball,  the  veined  ice  of  a  glacier,  if  unweathered, 
uo  tendency  to  cleave ;  for  thongh  the  expul- 
aioa  of  the  air-bubbles  has  tnkeu  place,  the  reattach- 
mout  of  the  particles  is  so  firm  as  to  abolish  all  evidence 
of  cleavage.  When  the  ice,  on  the  contrary,  is  weatliered, 
the  plates  become  detacied,  and  I  have  often  been  able  to 
split  such  ic«  into  thin  tablets  having  an  area  of  two  or 
three  sijuare  feet. 

In  his  'niirteentlj  Letter  Professor  Forbes  throws  out  a 
new  and  possibly  a  pregnant  thought  in  connexion  with  the 
reiua.  If  I  understand  him  aright — and  1  confess  it  is 
usually  a  matter  of  extreme  difficulty  with  mo  to  make 
BUre  of  this — he  there  refers  the  veins,  not  to  the  expulsion 
of  the  air  &om  the  ice,  bnt  to  its  redistribution,  'j'he  pres- 
sure produces  "  lines  of  tearing  in  wliich  the  air  is  distri- 
buted in  the  form  of  regular  globules."  I  do  not  know 
i  might  he  made  of  this  idea  if  it  were  developed,  but 
sent  I  do  not  seo  how  the  BupjKwed  action  could 
»  the  blue  Iwinds ;  and  I  agree  with  Professor  \\'m. 
»on  iu  regarding  the  explanation  as  improbable.* 

1  cxtromcly  ingeniotiB  view  of  the  origin  of  the  veined  struc- 
it  I  woold  TG&T  to  a  ptipi^T  by  FrofeHoi  ThumMin,  in  tlio  '  Proccolings 
e  Bufal  SouJuly.'  April,  IMi^. 
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THE  VEINED  STEUCTURE  AND  THE  LIQUEFAC- 
TION OF  ICE  BY  PRESSURE. 

(31.) 

1  HAVE  already  noticed  an  important  fact  for  which  we 
are  indebted  to  Mr.  James  Thomson,  and  have  referred  to 
the  original  communications  on  the  subject.  I  shall  here 
place  the  physical  circumstances  connected  with  this  fact 
before  my  reader  in  the  manner  which  I  deem  most  likely 
to  interest  him. 

When  a  liquid  is  heated,  the  attraction  of  the  molecules 
operates  against  the  action  of  the  heat,  which  tends  to  tear 
them  asunder.  At  a  certain  point  the  force  of  heat 
triumphs,  the  cohesion  is  overcome,  and  the  liquid  boils. 
But  supposing  we  assist  the  attraction  of  the  molecules  by 
applying  an  external  pressure,  the  difficulty  of  te-aring 
them  asunder  will  be  increased;  more  heat  will  be  re- 
quired for  this  purpose ;  and  hence  we  say  that  the  boilmg 
point  of  the  liquid  has  been  elevated  by  the  pressure. 

If  molten  sulphur  be  poured  into  a  bullet-moidd,  it  will 
be  found  on  cooling  to  contract,  so  as  to  leave  a  large 
liollow  space  in  the  middle  of  each  sphere.  Cast  musket- 
bullets  are  thus  always  found  to  possess  a  smaU  cavity 
within  them  produced  by  the  contraction  of  the  lead. 
Conceive  the  bullet  placed  within  its  mould  and  the 
latter  heated ;  to  produce  fusion  it  is  necessary  that  the 
sulphur  or  the  lead  should  atvelL  Here,  as  in  the  case  of 
the  heated  water,  the  tendency  to  expand  is  opposed  by  the 
attraction  of  the  molecules ;  with  a  certain  amount  of  heat 
however  tliis  attraction  is  overcome  and  the  solid  melts. 
But  supi)ose  we  assist  the  molecular  attraction  by  a  suitable 
force  applied  externally,  a  greater  amount  of  heat  than 
before  will  be  necessary  to  tear  them  asunder ;  and  hence 


we  say  that  the  fimng  point  has  been  elevated  by  the  pres- 
sure. This  fact  has  been  experimentally  establiabed  by 
Messrs.  HophinH  and  Fairbairn,  who  applied  to  Bpt-rmaceti 
and  oth»r  Hubatances  pressures  so  great  us  tu  raiae  their 
pointe  of  fusion  a  considerable  number  of  degrees. 

Let  us  now  consider  the  case  of  tlie  metal  bismuth.  If 
molteD  metal  be  poured  inf«  a  hiillet>-mould  it  will 
tSijHmd  on  solidifying.  I  have  myself  filled  a  strong  east- 
iron  bottle  with  the  metal,  and  found  its  expansion  on 
cooling  sufficiently  great  to  split  the  bottle  from  neck  to 
bottom.  Hence,  in  order  to  fuse  the  bismuth  the  substance 
must  contract;  and  it  is  manifest  that  an  external  pressm-e 
which  t«;ndB  to  squeeae  the  molecides  more  closely  together 
here  asmta  the  beat  instead  of  opposing  it.  Hence,  to 
fuse  bismuth  under  great  pressure,  a  less  amoimt  of 
heat  will  be  rei^uired  than  when  the  pressure  is  removed ; 
or  in  otlier  words,  the  fusing  point  of  bismuth  is  lowered 
by  the  pressure.  Now,  in  passing  from  the  solid  to  thi? 
liquid  state,  ice,  like  bismuth,  contracts,  and,  if  the  con- 
tmctioQ  be  promoted  by  external  pressure,  as  shown  by 
the  Messrs.  Thomson,  a  less  amount  of  heat  suffices  to 
liquefy  it. 

These  remarks  will  enable  us  to  nuderstand  a  singular 
effect  first  obtained  by  myself  at  the  close  of  1856  or  in 
Jonaar}'  1857,  noticed  at  the  time  in  the  '  Proceedings '  of 
Royal  Society,  and  afterwards  fully  described  in  a 
:r  presented  to  the  Society  in  December  of  that  year, 
cylinder  of  clear  ice  two  inches  high  and  an  inch  in 
diameter  was  placed  between  two  slabs  of  bos-wood,  and 
subjected  to  a  gradual  pressure.  I  watched  the  ice  in  a 
direction  perpendicular  to  its  leugtli,  and  saw  cloudy  lines 
drawing  themselves  across  it.  As  the  pressure  continued, 
these  linos  augmented  in  numbers,  until  finally  the  prism 
J  apjiearance  of  a  crystal  of  gj-psum  whose 
les  of  cleavage  had  been  forced  out  of  o^itical  <io\AapV 


ey 
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^^^leIl  looked  at  obliquely  it  was  found  that  the  lines  were 
merely  the  sections  of  6at  dim  eurfaces,  which  lay  like 
laminse  one  over  the  other 
throughout  the  length  of 
the  prism.  Fig.  50  repre- 
sents the  prism  as  it  ap- 
peared when  looked  at  in  a 
direction  perpendicular  to 
its  axis ;  Fig.  51  shows  the 
i  ^  appearance    when    viewed 

obliquely." 

At  first  sight  it  mi^t  appear  as  if  air  had  intruded  itself 
betweeu  the  separated  surfaces  of  the  ice,  and  to  test  this 
point  I  placed  a  cylinder  two  inches  long  and  an  inch  wide 
upright  in  a  ooi)i>cr  viwsel  which  was  filled  with  ice-cold 
water.  The  iec  cylinder  rose  about  half  an  inch  above  the 
fturfacf  of  the  wat^r.  Placing  the  co2>per  vessel  on  a  slab 
of  wood,  and  a  second  slab  on  the  top  of  the  cylinder  of 
ice,  the  latter  was  subjected  to  the  gradual  action  of  a 
small  hydraidic  press.  Wlion  the  hazy  snrfitces  were  well 
devfioped  in  the  portion  of  the  ice  above  the  water,  the 
cylinder  was  reuiovod  and  examined ;  the  planes  of  rapturp 
extended  throughout  the  entire  length  of  the  cylinder, 
just  na  if  it  had  been  squeezed  in  air.  I  subsequently 
placed  the  ice  hi  a  stout  vessel  of  glass,  and  squeezed  it, 
as  in  the  last  esperiment :  the  surfaces  of  discontinuity 
were  seen  forming  under  the  liquid  quite  as  distinctly  as 
in  uir. 

To  prove  tliat  the  surJaces  were  due  to  compression  and 
not  to  any  tearing  asmider  of  the  mass  by  tension,  the  fol- 
lowing experiment  was  made  : — A  cylindrical  piece  of  ice, 
one  oi'  whose  cuds,  however,  was  not  parallel  to  the  other, 
was  placed  between  the  slabs  of  wood,  and  subjected  to 

*  Th[H  irtTeot  projected  upon  n 
olaas  exi>criment. 


B  moat  striking  and  iuatnictiTa 


Fig.  53,  tin?  Kiu-facos  being  developed  along  that  side  which 
liad  suffered  the  pressure.  On  psamining  tli>?  Hurfaces  by 
a  pocket  ieiifl  tliey  resembled  the  effect  jirodiiced  upon  a 
amootli  colli  aiirfiice  by  breathing  on  it. 

The  Biirt'octM  were  always  dim  ;  and  had  the  spaces  been 
tilled  witli  air.  or  were  they  simply  vacuous,  the  reflection 
of  light  from  them  would  have  Tjeea  so  copious  as  to  render 
them  much  more  brilliant  than  they  were  observed  to  be.  To 
RX&mine  tbcm  more  particularly  I  placed  a  concave  mirror 
so  as  to  tlirow  the  diffused  daylight  from  a  window  fidl 
upon  the  cylinder.  On  appljTng  the  pressui-e  dim  spots 
were  sometimea  seen  forming  in  the  very  middle  of  the 
ic«,  and  theae  as  they  expanded  laterally  appeared  to  be 
iu  a  state  of  intense  motion,  which  followed  closely  the 
edge  of  each  surface  aa  it  advanced  through  the  solid  ice. 
Once  or  twice  1  observed  the  hazy  surfaces  pioneered 
through  the  mass  by  dim  offshoots,  apparently  liquid,  and 
oonstituting  a  kind  of  decrj'stallization.  From  the  closest 
exam inatii III  to  wliich  I  was  able  to  subject  them,  the 
surfaces  ajijieared  to  me  to  be  due  to  int^rual  lique- 
faction; itnleod,  when  the  melting  point  of  ice,  having 
already  a  d-iniKirature  of  32',  is  lowered  by  pressure,  its 
oxcuae  of  heat  must  inetanlly  be  applied  to  produce  tiiis 


ttve  already  given  a  drawin?  (p.  386)  shovivw^Vl&e  feiss* 
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lopment  of  the  veined  structure  at  the  base  of  the  ice-cascade 
of  the  Rhone  ;  and  if  we  compare  that  diagram  with  Fig. 
53  a  striking  similarity  at  onc^  reveals  itself.  The  ice  of 
the  glacier  must  imdoubtedly  be  liquefied  to  some  extent 
by  the  tremendous  pressure  to  which  it  is  here  subjected. 
Surfaces  of  discontinuity  will  in  all  probability  be  formed, 
which  facilitate  the  escape  of  the  imprisoned  air.  The 
small  quantity  of  water  produced  will  be  partly  im- 
bibed by  the  adjacent  porous  ice,  and  will  be  refroseii 
when  relieved  from  the  pressure.  This  action,  associated 
with  that  ascribed  to  pressure  in  the  last  section,  appean 
to  me  to  fiimish  a  complete  physical  explanation  <rf  the 
laminated  structure  of  glacier-ice. 


GENliRAL  APPEAEANCE  OF  WHITE  ICE-SEAMS. 


HITE  ICE-SEAMS  IN  THE  GLACIEE  DU  GEANT. 
(32.) 

28th  of  July,  1857,  while  engaged  upon  the  Glacier 
(io  Geftut,  my  alleutiou  was  often  attrftCttHi  by  protuberant 
lidges  of  what  at  first  uppewed  to  be  pure  white  snow, 
but  which  on  examination  I  found  to  be  compact  ice  filled 
with  innumerable  round  air-eella ;  and  wliieh,  in  virtue  of 
its  greater  power  of  resistanee  to  wasting,  often  rose  to  a 
height  of  three  or  four  feet  above  the  general  level  of  the  ice. 
As  I  stood  amongst  these  ridges,  they  appeareil  detached 
and  without  order  of  arruugement,  but  Wked  at  fri.tm  a 
distance  ihey  were  seen  to  sweep  across  the  proper  Glacier 
du  G^nt  in  a  direction  concentric  with  ita  dirtrbanda  and 
it8  veined  structure.  In  some  cases  tlie  seams  were  ad> 
mirable  indications  of  the  relative  displacement  of  two 
adjacent  portiona  of  the  glacier,  wluch  were  divided  from 
each  other  by  a  crevasse.  Uaually  the  sedions  of  a 
seam  exposed  ou  the  opposite  sides  of  a  fifistire  accurately 
faced  each  other,  and  the  direction  of  the  aeam  on  both 
aides  was  coutinuoue;  but  at  other  places  they  demon- 
3trat«d  the  existence  of  lateral  faults,  being  shifted  asunder 
laterally  through  spaces  varying  from  a  few  inches  to  eix 
or  seven  feet. 
lOn  the  following  day  I  was  again  upon  the  same  glacier, 
noticed  in  many  cases  the  white  ice'i^camB  exquisitely 
lOneycomheil.  The  case  was  illustrative  of  the  great 
difference  between  the  absorptive  power  of  the  ice  itself 
and  of  the  objflcta  wliich  Ue  upon  its  surface.  Dei-p  cylin- 
drical cells  were  produced  by  spots  of  black  dirt  >¥hich  had 
been  ucattered  upon  the  sm-face  of  the  white  ice,  aiid 
which  sank  to  a  depth  of  several  inches  into  the  mass.  I 
ined  several  sections  of  the  veius,  and  in  ^ei\e.«k  V 


_orsf 
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;  Let  ( 


9  used  to  turn  ftu  ardi.     lu  some  cases  I  found  this 
L  of  tlie  structure  60  great  as  to  pass  in  a  abort 
i<    idiBtiuice  from  the  rortical  to 
the  horizontal,  as  sbowa  in 
Fig.  57. 

Further  examination  taught 
me  that  the  glacier  here  is 

■mpled  in  a  most  singular 
nner ;  doubtless  by  the  y, 
pt  pressure  to  which  it  ' 
exposed.  The  following 
illustmtiou  will  convey  a  notion  of  its  aspect: 
hand  be  laid  fliit  upon  a  table,  palm  downwards,  and  let 
.  tho  fingers  be  bent  until  the  space  between  the  liret  joint 
and  the  cuds  of  the  fingers  is  vertical ;  one  of  the  cnimpleB 
to  which  I  refer  will  then  be  represented.  The  ice  seems 
;  like  tlie  fingers,  and  the  crumples  of  the  glacier  are 
jsses,  wliicb  are  accurately  tyi>ified  by  the 
!  between  the  fingers.  Let  the  second  hand  now  be 
1  upon  the  first,  as  the  latter"  is  upon  the  table,  so 
t  the  tops  of  the  bent  fingers  of  the  second  hand  shall 
n  the  roots  of  the  first :  two  crumples  would  thus 
ftibrmed;  a  series  of  such  protuberances,  with  steep 
1,  follow  each  other  from  the  base  of  the  Talfefre  cas- 

r  some  distance  downwards. 

1  Saturday  tho  Ist  of  August  I  (isceudod  these  nainded 

1  Buccossion,   and  observed  among  them  an  ex- 

dy  remarkable  disposition  of  the  structure.     Fig.  58 

a  of  a  series  of  three  of  tho  crumples,  on  which 

ig  lines  represent  the  direction  of  the  blue  veins. 

the  base  of  each  protnlrerance  I  found  a  seam  of  white 

»ed  firmly  into  the  glacier,  and  each  of  the  se(im» 

a  place  (if  dislocation  of  the  veins.    The  white  seams 

1  off  gnkdually,   and   finally   vatiislied   v-hciro  the 

cruinpUng  of  the  ice  disappeared.     In  E\^.  ift  \ 
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have  sketched  the  wall  of  a  crevasse,  which  represents 
what  may  be  regarded  as  the  incipient  crumpling.   The 


undulating  line  shows  the  contour  of  the  surface,  and  the 
shading  lines  the  veins.  It  will  be  observed  that  the 
direction  of  the  veins  yields  in  conformity  with  the  undu- 
lation of  the  surface ;  and  an  augmentation  of  the  effect 
would  evidently  result  in  the  crumples  shown  in  Fig.  58. 
The  appearance  of  the  wliite  seams  at  those  places  where 
a  dislocation  occurred  was,  as  far  as  I  could  observe,  inva- 
riable; but  in  a  few  instances  the  seams  were  observed 
upon  the  platforms  of  the  terraces,  and  also  upon  their  slopes. 
The  width  of  a  seam  was  very  irregular,  varjang  from  a 
few  inclies  at  some  places  to  three  or  four  feet  at  others. 

On  the  3rd  of  August  I  was  again  at  the  base  of  the 
Tal^fre  cascade,  and  observed  a  fact^  the  significance  of 
which  had  previously  escaped  me.    The  rills  which  ran 


I  the  ice-slopes  collected  at  tlie  base  of  each  protn- 
2  into  a  stream,  which,  at  the  time  of  my  visit,  had 
sllowed  out  for  itself  a  deep  channel  iii  the  ice. 
places  the  stream  widened,  at  others  its  banks  of  ice  ap- 
proached each  other,  and  rapids  were  produced ;  in  fact, 
the  channel  of  such  streams  appeared  to  be  the  exact  moulds 
of  t/ie  seanu  of  white  iee. 

lustructed  thus  far,  I  ascended  the  Glacier  du  Geant  on 
tlie  5th  of  August,  and  llien  obsecved  on  the  wrinkles  of 
this  glacier  tUo  sama  leaning  backwards  and  forwards  of 
the  blue  veins  as  I  bad  previously  observed  upon  the 
Talfefre,  I  also  noticed  on  this  day  that  a  seam  of  whil« 
ice  would  sometimes  open  out  into  two  branches,  which, 
after  remaining  for  some  diatani'c  separate,  would  reunite 
and  thus  enclose  a  little  glacier^island.  At  other  places 
lateral  branches  were  thrown  off  from  the  principal  seam, 
thus  suggesting  the  form  of  a  glacier-rivulet  which  bad 
been  fed  by  tributar)'  branches.  On  the  7th  of  August 
I  hunted  the  seams  still  farther  up  the  glacier ;  and  found 
them  at  one  place  descending  a  steep  ice-hill,  being  crossed 
by  other  similar  bands,  wliich  however  were  far  less  white 
and  compact.  I  followed  these  new  bands  to  their  origin, 
and  found  it  to  be  a  system  of  crevasses  fonned  at  the 
summit  of  the  hill,  some  of  which  were  filled  with  snow. 
Lower   down   the   crevasses   closed,   and   the   snow   thus 

«iined  between  their  walls  was  converted  into  white  ice. 
Me  seams,  however,  never  attained  the  compactness  and 
mineoco  of  the  larger  ones  which  bad  their  origin  far 
her  up.  I  singled  out  one  of  the  best  of  the  latter,  and 
traced  it  through  all  the  dislocation  and  confusion  of  the 
jcfl)  until  I  found  it  to  terminate  in  a  cavity  filled  with 


I  was  near  the  base  of  the  seracs,  and  the  streams 

•  aliundaut.     Comparing  the  shapes  of  some  of 

ffilh  that  nf  the  ice-bauds  lower  down  lAwi  ^isjsv 
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striking  resemblance  was  observed.    Fig.  60  is  the  plan  of 
a  deep-cut  channel  through  which  a  stream  flowed  on  the 


day  to  which  I  now  refer.    Fig.  61  is  the  plan  of  a  seam  of 
white  ice  sketched  on  the  same  day,  low  down  upon  the 


Fig.  61. 

glacier.  Instances  of  this  kind  might  bo  multiplied  ;  and 
the  result,  I  think,  renders  it  certain  that  the  white  ice- 
seams  referred  to  are  duo  to  the  filling  up  of  the  channek 
of  glacier-streams  by  snow  during  winter,  and  the  sub- 
sequent compression  of  the  mass  to  ice  during  the  descent 
of  the  glacier.  I  have  found  such  seams  at  the  bases  of  all 
cascades  that  I  have  visited ;  and  in  all  cases  they  appear 
to  be  due  to  the  same  cause.  The  depth  to  which  they 
penetrate  the  glacier  must  be  profound,  or  the  ahlatimi  of 
the  ice  must  be  less  that  what  is  generally  supposed ;  for 
the  seams  formed  so  high  up  on  the  Glacier  du  Geant  may 
be  traced  low  down  upon  the  trunk-stream  of  the  Mer  de 
Glace.* 

These  observations  on  the  white  ice-seams  enable  us  to 
add  an  important  supplement  to  what  has  been  stated 
regarding  the  origin   of  the  dirt-bands  of  the  Mer  de 

♦  The  more  pennancnt  seams  may  possibly  be  duo  to  the  fiUing  of 
the  profound  crevasses  of  the' cascade. 


The  protuberances  at  the  base  of  the  caswide  are 
t  only  to  the  tonmg  down  of  the  ridges  produced 
e  tratiaverBe  fracture  of  (be  glacier  at  the  summit  of  the 
fall,  but  they  undergo  modifications  by  the  pressure  locally 
exerted  at  its  base.  The  state  of  things  represented  in 
Fig.  07  is  plainly  due  to  tlie  partial  pushing  of  one  crumple 
over  that  next  in  advance  of  it.  There  seems  to  be  a 
differential  motion  of  the  parte  of  the  glacier  in  the  same 
longitu'Iinal  line ;  Bhowing  that  upon  the  general  motion  of 
the  glacier  smaller  local  motions  are  superposed.  The  occnr- 
e  of  the  seams  upon  the  faces  of  the  slopes  seems  also 
I'prove  that  the  pressure  is  competent,  in  some  cases,  to 
a  the  bases  of  the  protuberances  to  swell,  so  that  what 
■  once  the  base  of  a  crumple  may  subsequently  form  a 
tion  of  its  slope.  Another  interesting  fact  is  also  nb- 
i  where  the  pressure  is  violent :  the  crumples  scak 
Pv  bows  of  ice  being  thus  formed  which  nsiially  span  the 
cmmples  over  their  most  violently  compressed  portiona 
I  have  foimd  this  scaling  off  at  the  bases  of  all  the  cascades 
h  I  liavB  visited,  and  it  is  plaiidy  due  to  the  pressure 
1  at  such  places  upon  the  ice. 


(33.) 

Hot  only  ftt  the  base  of  its  great  cascade,  i«it  throughout 
B  greater  part  of  its  length,  the  Glacier  du  Oeant  ie  in  a 
3  of  longitudinal  compression.     The  meaning  of  this 
1  will  be  readily  understood :  Let  two  points,  fur  ex- 
ample, be  marked  U|wn  the  axis  of  the  glacier;  if  these 
during  its  descent  were  drawn  wider  apart,  it  would  show 
t  the  glacier  was  in  a  state  of  longitudinal  strain  or 
;  if  they  i-emained  at  the  same  distance  ajiart.  it 
hid  indicate  that  neither  strain  uor  pressure  was  exerted ; 
lereas,  if  the  two  points  ftpjimacht^  each  cA.\»!^,'«\i»&v 
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could  only  be  by  the  quicker  motion  of  the  hinder  one, 
the  existence  of  longitudinal  compression  would  be  thereby 
demonstrated. 

Taking  "  Le  Petit  Balmat "  with  me,  to  carry  my  theodo- 
lite, I  ascended  the  Glacier  du  Gr^nt  until  I  came  near  the 
place  where  it  is  joined  by  the  Glacier  des  Periadee, 
and  whence  I  observed  a  patch  of  fresh  green  grass  upon 
the  otherwise  rocky  mountain-side.  To  this  point  I  climbed, 
and  made  it  the  station  for  my  instrument  Choosing  a 
well-defined  object  at  the  opposite  side  of  the  glacier,  I 
set,  on  the  9th  of  August,  in  the  line  between  this  object 
and  the  theodolite,  three  stakes,  one  in  the  centre  of 
the  glacier,  and  the  other  two  at  opposite  sides  of  the 
centre  and  about  100  yards  from  it  This  done,  I  de- 
scended for  a  quarter  of  a  mile,  when  I  again  climbed 
the  flanking  rocks,  placing  my  theodolite  in  a  couloir, 
down  which  stones  are  frequently  discharged  from  the 
end  of  a  secondaiy  glacier  which  hangs  upon  the  heights 
above.  Here,  as  before,  I  fixed  tliree  stakes,  chiselled 
a  mark  upon  the  granite,  so  as  to  enable  me  to  find 
the  place,  and  regained  the  ice  without  accident.  A  day 
or  two  previously  we  had  set  out  a  third  line  at  some 
distance  lower  down,  and  I  was  thus  furnished  with  a 
succession  of  points  along  the  glacier,  the  relative  motions 
of  which  would  decide  whether  it  was  pressed  or  stretched 
in  the  direction  of  its  length.  On  the  10th  of  August 
Mr.  Huxley  joined  us ;  and  on  the  following  day  we  all 
set  out  for  the  Glacier  du  Geant,  to  measure  the  progress 
of  the  stakes  which  I  had  fixed  there.  Hirst  remained 
upon  the  glacier  to  measure  the  displacements;  I  shouldered 
the  theodolite ;  and  Huxley  was  my  guide  to  the  mountain- 
side, sounding  in  advance  of  me  the  treacherous-looking 
snow  over  which  we  had  to  pass. 

Calling  the  central  stake  of  the  highest  line  No.  1,  that 
of  the  middle  line  No.  2,  and  that  of  the  line  nearest  the 
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1  Na  3,  tbe  foUowing  are  the  spaL'es  moved  over  by 
e  tlireo  jmiuts  in  Iwenty-f'our  hours : — 

N<>-1 20-551  545  yards. 

No.  2 15-43  ( 

No.  3 12-75}  '^S^y*'^'^- 

k'Here  we  have  the  fact  which  the  aspect  of  the  glacier 
Tbe  first  stake  moves  five  inches  a  tiny  more 
than  the  second,  and  the  second  nearly  three  inches  a  day 
more  tlian  the  third.  As  surmised,  therefore,  the  glacier 
is  iu  ft  state  of  longitudinal  compression,  whereby  a  portion 
of  it  lOWl  yards  in  length  is  shortened  at  the  rate  of  eight 
inches  a  day. 

In  accordance  with  this  result,  the  transverse  undulations 

of  the  Glacier  du  Gt^ant,  described  in  the  chapter  upou 

Dirt-Bands,  ihortm  as  they  descend.     A  series  of  three  of 

them  measured  along  the  axis  of  the  glacier  on  the  Gth  of 

August,   1S57,  gave  the  following  respective  lengths: — 

95/J  links,   f^aS  links,  770  links,  the  shortest  undulation 

^J^euig  the  farthest   from  the  origin   of  the   imdulations. 

Https  glacier  then   constitutes   a  vast  ice-press,  and  en- 

^^^BS  us  to  test  the  explanation  which  refers  the  veined 

^^trncturL'   of  the   iee   to  pressure.     The   glacier  itself  is 

transversely  laminated,  aa  already  staterl ;  and  iu  many 

eases   a  structure   of  extreme   detinitirm    and   beauty  is 

developed  in  tlie  compressed  snow,  which  constitutes  the 

seams  of  white  ice.    In  1857 1  discovered  a  well-developed 

leuticalar  structure  in  some  of  tliese  seams.     In  1858  I 

'  I  examined  them,     Clearing  away  the  superficial  por- 

3  my  axe,  I  found,  drawn  through  the  body  of  the 

I  long  lines  of  blue  ice  of  exquisite  definition ;  in 

I  liad  never  seen  the  structure  so  deh'cately  exhibited. 

noreover,  were  developed  in  portions  of  the 

3  ice  which  were  near  the  centre  of  the  glacier,  and 

B  consequently  filamentous  sliding  was  e\\\,vcfeVj  o\&.  «1 
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PARTIAL  SUMMARY. 

1.  Glaciers  are  derived  from  mountain  snow,  which  has 
been  consolidated  to  ice  by  pressure. 

2.  That  pressure  is  competent  to  convert  snow  into  ice 
has  been  proved  by  experiment 

3.  The  power  of  yielding  to  pressure  diminishes  as  the 
mass  becomes  more  compact ;  but  it  does  not  cease  even 
when  the  substance  has  attained  the  compactness  which 
would  entitle  it  to  be  called  ice. 

4.  When  a  suflBcient  depth  of  such  a  substance  collects 
upon  the  earth's  surface,  the  lower  portions  are  squeezed 
out  by  the  pressure  of  the  superincumbent  mass.  If  it 
rests  upon  a  slope  it  will  yield  principally  in  the  direction 
of  the  slope,  and  move  downwards. 

5.  In  addition  to  this,  the  whole  mass  slides  Ixxiily  along 
its  inclined  bed,  and  leaves  the  traces  of  its  sliding  on  the 
rocks  over  which  it  passes,  grinding  off  their  asperities,  and 
marking  them  with  grooves  and  scratches  in  the  direction 
of  the  motion. 

6.  In  this  way  the  deposit  of  consolidated  and  uncon- 
solidated snow  which  covers  the  higher  portions  of  lofty 
mountains  moves  slowly  down  into  an  adjacent  valley, 
through  wliich  it  descends  as  a  true  glacier,  partly  by 
sliding  and  partly  by  the  yielding  of  the  mass  itself. 

7.  Several  valleys  thus  filled  may  unite  in  a  single 
valley,  the  tributary  glaciers  welding  themselves  together 
to  form  a  trunk-glacier. 

8.  Both  the  main  valley  and  its  tributaries  are  often 
sinuous,  and  the  tributaries  must  change  their  direction  to 
form  the  trunk ;  the  width  of  the  valley  often  varies.  The 
glacier  is  forced  tlirough  narrow  gorges,  widening  after  it 
has  passed  them ;  the  centre  of  the  glacier  moves  more 


pabtul  nummary. 


42S        1 


quicldy  than  the  eides,  aiid  the  surface  more  quicldy  thou 
the  bottom ;  the  point  of  Awiftest  motion  follows  the  same 
!aw  BB  that  observed  in  the  flow  of  rivers,  shifting  from 
one  Bide  of  the  t-entre  to  the  other  as  the  flexm*  of  the 
Tftlley  changes. 

6.  These  various  ofFects  may  be  reproduced  by  experi- 
1  smtill  masses  of  ice.     The  substance  may  more- 
_       r  be  monldi^d  into  vases  and  statuettes.     Straight  bars 
of  it  may  be  bcut  inbj  rings,  or  even  coiled  into  knots. 

10.  Ice  capable  of  being  thus  moulded  ia   practically 
inoapable  of  being  stretched.     The  condition  essential  to 

s  is  that  the  ]»article8  of  the  ice  o|)erated  on  alinll  be 
t  in  dose  contact,  bo  that  when  old  attachments  have 
1  severed  new  oncfl  may  be  established. 

11,  The  nearer  the  ice  is  to  its  melting  point  in  tem- 
perature, the  more  easily  are  tlie  atwve  results  obtained  ; 

^—Vhen  ice  is  many  degrees  below  itfl  freezing  point  it  is 
HjjiniBhed  by  pressure  to  a  white  powder,  and  is  not  capable 
^f^being  moulded  as  above. 

^■*  12.  Two  pieces  of  ice  at  32"  Fahr.,  with  moist  surfaces, 
when  placed  in  contact  freeze  together  to  a  rigid  mass ; 
this  is  called  Regelation. 

13.  When  the  attachments  of  pressed  ice  are  broken,  the 
continiiity  of  the  mass  is  restored  by  the  regelation  of  the 
new  contiguous  surfaces.  Regelation  also  enables  two 
tributary  glaciers  to  weld  themselves  to  form  a  continuous 
trunk ;  thus  also  the  crevasses  are  mended,  and  the  die- 
locations  of  the  glacier  consequent  on  descending  cascades 
are  repain?il.  This  healing  of  ruptures  extf-nds  to  the 
Bmallost  particles  of  the  mass,  and  it  enables  us  to  account 
for  the  continued  compactness  of  the  ice  during  the  descent 
e  glai'jer. 

.  The   quality   of  viscosity  is  practically   absent   in 

(ger-ice.    Where  pressm*  comes  into  play  the  pheno- 

a  Boggestive  of  viscosity,  but  where  teusioa  wnns* 
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into  play  tho  analogy  with  a  viscoua  body  breaks  dovm. 
When  subjected  to  strain  the  glacier  does  Dot  yield  by 
Btreteliing,  but  by  breaking ;    thia  is  the   origin   of  tba 


15.  The  crevasses  are  produced  by  the  ineciianieal  si 
to  which  the  gUicier  is  subjected.  They  are  tliWded  inU| 
margiual,  transverse,  aud  longitudinal  crevasses ;  the  finA 
produced  by  the  oblique  etiaiu  couaetjuent  on  the  (jnickat 
motion  of  the  centre ;  the  second  by  the  poanago  of  tbft 
glacier  over  the  summit  of  an  incline;  the  third  by 
pressure  from  behind  and  reaistance  in  front,  wbiuh  c 
the  mass  to  split  at  right  angles  to  the  pressure. 

10.  The  nioulins  are  formed  by  deep  cracks  iutcreecting; 
glacier  rivulets.  The  water  in  descending  such  cracks  ecoopc 
out  for  itself  a  shaft,  sometimes  many  feet  wide,  and  s 
hundreds  of  feetdeep,  into  which  the  cataract  plunges  witll 
a  sound  like  thunder.  The  supply  of  water  is  pcriodjcallf 
cut  off  from  the  moulins  by  tresh  cracks,  in  which  i 
moulins  are  formed. 

17.  The  lateral  roorainea  are  formed  from  Uie  dobric 
which  loads  the  glacier  along  its  edges ;  the  medial  1 
raines  are  formed  on  a  trunk-glacier  by  the  um'oii  of  tJw 
lateral  moraines  of  its  tributaries ;  the  terminal  nionuoQI 
are  formed  from  the  cliSbris  carried  by  the  glacier  to  i 
terminus,  and  there  deposited.  The  number  of  modU 
moraines  on  a  tnmk  glacier  is  always  one  lesa  than  t*-" 
number  of  tributaries. 

1 8.  ^Vhen  ordinary  kke-ico  is  intersected  by  a  stitHig  si 
beam  it  L'quefiea  so  as  to  form  llower-shaped  figures  wiUttn 
the  mass ;  each  flower  consists  of  six  petals  with  a  x-ncuoM 
apace  at  the  centre ;  the  Qowors  are  always  formed  pniallid 
to  the  planes  of  freezing,  and  depend  on  the  cnrstallizatiui 

i  of  the  substance. 

19.  Iimumemble  liquid  disks,  with  \'»cuoiis  epota,  i 
"  0  formed  by  the  ijolai-  beams  in  glacier  iee,   Tlics^einpty 


B  have  been  hitherto  mistaken  for  air-bubbles,  thu  flat 
1  of  the  disks  being  erroneously  regardeil  as  the  result 
ressure. 
I  ■  mo.  These  disks  are  indicators  of  the  intimate  constitution 
f  glacier-ice,  uud  they  teach  us  that  it  is  composed  of  an 
(^gregate  of  pui'ta  with  surfaces  of  crystallization  in  all 
possible  planes. 

m.  There  are  also  innumerable  small  cells  in  giacier- 
ictj  holding  air  and  water ;  such  cells  also  occur  in  lake- 
ice  ;  and  here  they  are  due  to  the  melting  of  the  ice  in 
_  contact  with  the  bubble  of  air.     Experiments  are  needed 
A  glacier-ice  in  reference  to  this  point. 
f  22.  At  a  free  surface  witliiu  or  without,  ice  melts  with 
!  ease  than  in  the  centre  of  a  compact  mass.     The 
ition  which  we  call  heat  is  less  controlled  at  a  free  sur- 
i,  and  it  liberates  the  molecules  from  the  solid  condition 
^BDOner  than  when  the  atoms  are  surrounded  on  ail  aides 
by  other   atoms  which   impede   the    molecular    motion. 
Regelation  is  the  complementary  effect  to  the  above ;  for 
here  the  superticial  portions  of  a  mass  of  ice  are  made 
Tirtually  central  by  the  contact  of  a  second  mass. 

23.  The  dirt-bauds  have  their  origin  in  the  ice-cascades. 
The  glacier,  in  passing  the  brow,  is  transversely  fractured ; 
ridges  are  formed  with  hollows  between  them ;  these  trans- 
verse hollows  are  the  principal  receptacles  of  the  fine 
dtibris  scattered  over  the  glacier ;  and  after  the  ridges  have 
been  melted  away,  the  dirt  remains  in  successive  stripes 
npon  the  glacier. 

24.  The  ice  of  many  glaciers  is  laminated,  and  when 
weathered  may  be  cloven  into  thin  plates.  In  the  sound 
ice  tho  lamination  manifests  itself  in  blue  striites  drawn 
through  the  general  whitish  mass  of  the  glacier;  these  blue 
veins  representing  portions  of  ice  from  which  the  air- 
bubbli.^  have  been  more  completely  esjielled.     This  is  the 

toed  structure  of  tho  ice.     It  is  flivided  into  x 
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transverse,  and  longitudinal  structure ;  which  may  be 
regarded  as  complementary  to  marginal,  longitudinal,  and 
transverse  crevasses.  The  latter  are  produced  by  tension, 
the  former  by  pressure,  which  acts  in  two  different  ways : 
firstly,  the  pressure  acts  upon  the  ice  as  it  has  acted  upon 
rocks  which  exhibit  the  lamination  technically  called  cleav* 
age ;  secondly,  it  produces  partial  liquefaction  of  the  ice. 
The  liquid  spaces  thus  formed  help  the  escape  of  the  air 
from  the  glacier ;  and  the  water  produced,  being  re&ozen 
when  the  pressure  is  relieved,  helps  to  form  the  blue  veins. 
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OJtPAEATIVE  VIEW  OF  THE  CLEAVAGE  OF 
CRYSTALS  AND  SLATE-ROCKS. 

TiuuE   delivehed   at   THK    KOYAL   ISSTirUI-IOS,    OS 
EVE.VINO  THE  6TH  OF  JUNE,    1856.' 


WnsN  the  student  or  physical  icicnoa  has  to  invoeligato  tho  chnmcter 
of  any  nntiiml  rorcc,  his  first  caro  must  he  to  purify  it  Tram  the  mixture 
of  other  rnrces,  nnii  thus  study  its  simple  action.  U,  for  example,  he 
wishes  to  Itnow  how  n  mass  o(  water  would  shape  Itself,  suppoaiiig  it 
to  be  at  lilxirty  to  follow  the  bent  of  its  own  tuolccular  forces,  he  must 
■tt)  that  these  forces  have  free  and  undisturbed  exeroiee.  Wc  might 
perhaps  refer  him  to  the  dew-drop  for  a  solution  of  the  qnoation ;  bat 
hen!  wo  have  to  do.  not  ouly  with  the  action  of  the  molecules  of  the 
liquid  ujxm  each  other,  but  also  with  the  action  of  gravity  npon  tho 
moss,  whicli  pulla  tliH  drop  downwards  and  elongatee  it.  If  he  would 
exatnino  ttie  problem  in  its  purity,  he  roust  do  as  Plateau  has  done, 
withdraw  tlie  liquid  mnas  from  the  action  of  gravity,  and  hi!  wniili) 
then  Dnd  the  aluipe  of  tlie  mass  to  be  perfectly  spherical.  Natural  pTt>- 
oeMes  come  to  us  in  a  mixed  manner,  and  to  the  uninslructed  miud 
ttn  a  mass  of  unintelligible  confusion.  Suppose  half-a-dozen  of  the 
beat  musical  perfonners  to  be  placed  in  the  same  room,  each  jilaying  his 
own  instniment  to  perfection :  though  each  individual  iDSlrumeDt 
mighlbeaweU-spriog  of  melody,  still  the  miiturc  of  all  would  produce 
aivK  noise.  Thus  it'  is  with  the  process«a  of  nature.  In  nature,  me- 
ohauical  and  molecular  laws  mingle,  aud  create  apparent  confusiou. 
Their  miitiiru  constitutes  what  may  be  called  the  noun  of  natural  lawa, 
■nd  it  is  the  vocation  of  the  uiau  of  science  to  resolve  this  miiso  imo  its 

t^UPponunta,  and  thus  to  delixt  the  "  music  "  in  which  tlie  foundations 

Ifi^ituro  an  laid. 

^BSSie  neocaity  of  this  detachment  of  one  force  from  all  other  forces  is 

^^nrbere  moro  itriklngly  exhibited  tbnn  in  tba  pha^uouiena  of  crystallt- 
ntion.  I  lure  liorc  a  solution  of  sulphate  of  soda.  Frulotiging  the 
tnental  vision  beyond  the  boundaries  of  sense,  wt>  see  the  atoms  of  that 
e  equadivne  under  the  eye  of  an  experienced  gcncml,  armng- 

■  Btfoin.'J  lo  ;a  lh«  Intmluetion. 
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ing  themselves  into  battalions,  gathering  round  a  central  standard,  and 
forming  themselves  into  solid  masses,  which  after  a  time  assume  the 
visible  shape  of  the  crystal  which  I  here  hold  in  my  hand.     I  may,  like 
an  ignorant  meddler  wishing  to  hasten  matters,  introduce  oonfusicm  into 
this  order.     I  do  so  by  plunging  this  glass  rod  into  the  vessel.     The 
consequent  action  is  not  the  pure  expression  of  the  crystalline  foroes; 
the  atoms  rush  together  with  the  confusion  of  an  unorganized  mob^  and 
not  with  the  steady  accuracy  of  a  disciplined  host.     Here,  also,  in  this 
mass  of  bismuth  we  have  an  example  of  this  confused  crystallization ; 
but  in  the  crucible  behind  me  a  slower  process  is  going  on  :  here  there 
is  an  architect  at  work  "  who  makes  no  chips,  no  din,"  and  who  is  now 
building  the  particles  into  crystals,  similar  in  shape  and  stnictare  to 
those  beautiful  masses  wliich  we  see  upon  the  table.     By  permitting 
alum  to  crystallize  in  this  slow  way,  we  obtain  these  perfect  octahe- 
drons ;  by  allowing  carbonate  of  lime  to  crystallize,  nature  prodnoes 
these  beautiful  rhomboids ;  when  silica  crystallizes,  we  have  formad 
these  hexagonal  prisms  cap^KKi  at  the  ends  by  pyramids  ;  by  allowing 
saltpetre  to  crystallize,  we  have  these  prismatic  masses ;  and  when 
carbon  crystallizes,  we  have  the  diamond.     If  we  wish  to  obtain  a 
perfect  crystal,  we  must  allow  the  molecular  forces  free  play  :  if  the 
crystallizing  mass  be  permitted  to  rest  \i\)oii  a  surface  it  will  be  flat- 
tened, and  to  ])revent  this  a  small  crystal  must  be  so  sus|)ended  as  to 
be  surrounded  on  all  sides  by  the  liquid,  or,  if  it  rest  uj^n  the  sufaoe, 
it  must  be  turned  daily  so  as  to  present  all  its  faces  in  succession  to  the 
working  builder.    In  this  way  the  scientific  man  nurses  these  children 
of  his  intellect,  watches  over  tbeni  with  a  care  worthy  of  imitati(m, 
keeiw  all   influences  away  Avhich   might  jxjssibly   invade   the  strict 
morality  of  crystalline  laws,  and  finally  sees  them  develo|)ed  into  forms 
of  symmetry  and  Ix^uty  which  richly  reward  the  care  bestowed  upon 
them. 

In  building  up  crystals,  these  little  atomic  bricks  often  arrange  them- 
selves into  layers  which  arc  jicrfectly  i>arallel  to  each  other,  and  which 
can  be  8ei)arated  by  mechanical  means ;  this  is  called  the  cleavage  of 
the  crystal.  I  have  here  a  crystallized  mass  which  has  thus  far  escaped 
the  abrading  and  disintegrating  forces  which,  sooner  or  later,  determine 
the  fate  of  sugar-candy.  If  I  am  skilful  enough,  I  shall  discover  that 
this  crystal  of  sugar  cleaves  with  peculiar  facility  in  one  direction. 
Here,  again,  I  have  a  mass  of  rock-salt :  I  lay  my  knife  upon  it,  and 
with  a  blow  cleave  it  in  this  direction  ;  but  I  find  on  further  examining 
this  substance  that  it  cleaves  in  more  directions  than  one.  Lajing  my 
knife  at  right  angles  to  its  former  ix)sition,  the  crystal  cleaves  again ; 
and,  finally  placing  the  knife  at  right  angles  to  the  two  former  ix>sitions, 
the  mass  cleaves  again.  Thus  rock-salt  cleaves  in  three  directions,  and 
the  resulting  solid  is  this  (x^rfect  cube,  which  may  be  broken  up  into 
any  number  of  smaller  cubes.      Hero  is  a  mass  of  Iceland  sjiar,  which 


Klleaves  in  three  directioiig,  not  at  right  angles,  but  obliquely  to 

I  olbw,  tbe  resulting  wIM  being  a  rhomboid.     lu  ench  of  Iheee 

.  cleavcB  with  equnl  fnoilily  in  all  throe  dircctionB.      For 

e  take  of  completeness,  I  may  any  thitt  many  substance!)  cltave  witli 

uuequal  facility  in  different  directions,  And  the  heavy  ipar  1  bold  In  my 

^hand  jiriacntB  nn  exnmplo  of  this  kind  ofcleavngo. 

^^Enrawe  now  to  the  coDsidf ration  of  fiome  other  phienomena  towbioli 

^^Hjlerm  olenvngc  nay  ba  Applied.     Thia  piece  of  bnech-wood  cleavw 

^^B  fiioility  pftrallel   In  the   6bre,  and  if  our  experimeDts  wore  fine 

^^Hq^  we  ahonld  discover  that  the  cleavage  is  most  perfect  when  the 

^IQb  of  the  Axe  ie  laid  acrMS  the  rio^  which  mark  the  growth  of  the 

troo.    The  fibres  of  the  wood  lie  side  by  side,  and  a  coniparatiTely 

Knoll  forco  i«  sufBcient  to  separata  them.      If  yon  look  at  this  mass  of 

hay  Bcvoreil  from  a  rick,  you  will  see  a  sort  of  cleavage  developed  in  it 

•Iso ;  tlio  stalks  lie  in  parallel  plnnes,  and  only  a  small  force  is  required 

to  wpanle  them  laterally.     But  we  cannot  regnrd  the  cleavage  of  tlie 

tree  as  the  same  in  character  ns  the  cleavage  of  the  hayrick.   In  the  one 

case  it  is  tlie  atoms  ttrranging  themsolves  according  to  organic  laws 

which  prodnco  ■  cleavnble  stnioture ;  in  the  other  caae  the  easy  sejara- 

tioii  in  a  certain  direction  is  duo  tv  the  incohauical  urrangcincnt  of  the 

enuse  sensible  masses  of  tlie  stalks  of  hay. 

In  like  manner  I  lind  that  this  piece  of  sandstoiiB  cleaves  ptirallet  U> 
&a  planes  of  bedding.  This  rock  was  once  a  powder,  more  or  less 
ooATse,  hold  in  mechanical  suspensiou  hy  water.  The  powder  was  com- 
poaed  of  two  distinct  ports,  fine  i^ins  of  fand  and  amall  jilates  of  mica. 
Imagine  a  wide  strand  oovcred  by  a  tide  which  holds  such  powder  in 
Biupeusion:*  how  will  it  sink?  The  rounded  g^^ins  of  sand  will  reach 
tjie  bottom  first,  the  mica  afterwards,  and  when  the  tide  recedes  we 
bare  tho  littlo  plates  shining  like  sjungles  upon  the  surface  of  the  sand. 
Each  successive  tide  brings  its  charge  of  mixed  powder,  deposits  its 
duplex  Inyor  day  after  day,  and  Bnally  masses  of  immunse  thickness 
an  thns  piled  up,  which,  hy  pn.'serving  the  altcruntiona  of  sand  and 
mioa,  tell  the  tale  of  their  formation.  I  do  not  wish  you  to  accept  this 
without  proof.  Take  the  sand  and  mica,  mix  them  l<^ther  in  water, 
asd  Allow  them  la  subside,  they  will  arrsji^  themsolves  in  the  manner 
I'havo  indicated ;  and  by  repeating  the  process  yon  can  actually  build 
Op  a  Bsud^ionc  mass  which  shall  be  the  e)uict  counterpart  of  that  pre- 
wnited  by  nature,  as  I  have  done  in  this  glass  jar.  Now  this  structure 
deaves  wiih  readiness  along  tJie  planes  in  which  the  particles  of  mica 
fe  atrewn.  Here  ia  a  mass  of  such  a  rock  sent  to  me  from  Halifax : 
9  other  masses  from  the  quarries  of  Over  Darwen  in  Lan- 
^Vith  a  iiaaimer  and  chisel  you  see  I  can  cleave  them  into 
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flogs ;  indeed  these  0^  are  mado  iiscof  for  rooSug  imrixwcs  ii 
triets  from  which  the  B|iociuiPHB  have  come,  unJ  receive  llw 
"  Hlabrstonc."  But  you  will  discern,  without  a  vord  from  me,  that  (bit 
cleaTBge  ii  not  a  oryiitalliBe  clcaroge  nay  more  than  that  or  a  liqr-rick 
in.  It  is  not  ui  arrangement  produced  by  molecular  forces ;  indiied  it 
woald  be  Just  an  reasonable  to  HU|<posc  that  on  this  jar  of  and  U 
mica  the  particlca  arranned  themselvea  into  layers  by  tha  foroei  0 
crystallization,  icatcad  of  by  the  simple  force  of  gravity,  as  Ui  iinag}!* 
that  nach  a  cleavage  as  thin  could  be  the  prodnct  of  crystalliEatMO. 

Thia,  BO  far  as  I  am  aware  of,  has  never  been  imagined,  and  fl  hi 
been  agreed  auoog  geologista  not  to  call  anch  splitting  as  this  olesnfl 
at  all,  but  to  restrict  the  l«nn  to  a  class  of  phasiomena  which  1  sbll 
now  proceed  to  consider. 

Those  who  have  visited  the  slate  quarries  of  Cumberland  and  Noill 
Wales  will  liave  witnessed  the  phenomena  to  which  I  refer.  We  bM 
long  drawn  our  sup|)ly  of  roofing-slates  from  snob  quarries ; 
ciphered  on  thi^su  slult^s,  they  were  used  for  louibsloucs  in  churohji 
and  fur  billiard -tab  leg  in  the  metropolis  ;  but  not  until  a  comporatli^ 
late  period  did  meu  begin  to  inquirR  how  their  wonderful  fitmctnie  m 
produced.  What  is  the  agency  which  enables  us  to  split  I' 
Crag,  or  the  clifTa  of  Snowdon,  into  lamlwo  from  crow 
qui^tion  is  at  the  present  moment  one  of  the  greatest  dilBoiiltlci  0 
geologists,  and  occupies  tbdr  attention  perhajn  mori 
You  iiiay  wonder  at  this.  Looking  inio  the  qnarry  of  Penrbyn,  y 
may  bo  disposed  to  explain  the  question  as  I  heard  it  explajnod  t 
years  ago.  "  These  planes  of  cleavage,"  said  a  friend  who  stood  hen 
nic  on  the  quarry's  edge,  "  are  the  planes  of  stratification  whidi  hi 
bi-en  lifted  by  some  convulsion  into  an  almost  vertical  position."  B 
this  n'OB  a  great  mistake,  uid  indeed  here  lies  the  grand  diflicid^l 
the  problem.  These  planes  of  clca^'age  stand  iu  most  cnsas  st  k  i^ 
angle  lo  the  bedding.  Thanks  to  Bir  Ilixlerick  Murchison,  «^  III 
kindly  permitted  nic  the  use  of  specimens  from  the  Museum  of  P 
Geology  (and  hure  1  may  be  permitted  to  express  my  acknowlt'd 
to  the  distii^ishcd  staff  of  tliat  noble  eslnbliahnienl,  who,  lutt«ul4 
conndertng  me  an  intruder,  have  welcomed  me  as  a  bKiiher),  1  un  ■!' 
to  pl&oe  tilt)  {ooof  of  tikis  before  you.  Here  ia  a  nta^  of  slat«  lii  wUj 
the  planes  of  bedding  are  distinctly  marked ;  here  are  the  plaaoa 
cloavage,  and  you  see  that  one  of  them  nuikos  a  large  angle  with  tl 
other,  'the  rieavago  of  slates  is  therefore  not  a  qnistiua  of  strattf 
and  the  problem  which  we  have  now  lo  oonsidor  is,  "  By  «4iU  « 
has  thia  cleavage  been  produced  ?" 

tu  an  ablo  and  elaborate  essay  on  this  subject  in  IPS^,  VjdR 
IWgwick  pivposed  Uio  tlicory  that  cicitvage  is  produced  by  the  m 
nf  cr}'>t«llino  or  polnr  forces  A(tet  the  moss  ha*  beiiti  con*olldaUid.  ' 
may  affirm,"  ho  snys,  "  that  no  retreat  of  die  jiorts,  n 
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dhnniBions  in  {lauiiiig  lo  a  Bolid  state  can  explain  such  phsij 
TI1C7  appnvr  10  me  uuly  resolvable  on  the  su])[>usitiOD  tliai  cryslalllDC 
or  i«Ur  forccH  acted  upon  the  whole  aims  simultaueouBly  in  one 
direction  aoU  with  adequate  forae."  And  again,  in  auothec  place : 
"  C>7atalline  torets  liave  rearranged  whole  mou)itaiu-ma««es,  proihicing 
k  bcauUM  crystalline  cleavage,  passing  alike  through  all  the  straia."  * 
The  nttcmacp  of  Bueh  n  man  Htruck  deep,  at  was  natural,  inKi  t)ie 
minds  of  goologista,  and  at  the  preacat  day  there  are  few  who  do  not  en- 
tertain this  view  either  in  whole  or  in  port.f  The  magnificence  of  the 
theory,  indijeJ,  has  in  some  caseg  caused  speculatioB  to  run  rio^  auil 
wc  bare  Iwoke  pubtislied,  aye  and  largely  sold,  on  tlio  action  of  gwlar 
IbrGea  and  geologic  ningneUsm,  which  rather  astonish  those  who  linow 
aoineihiug  about  the  subject.  Acconling  to  Uie  llieory  referred  to, 
milM  and  miles  of  the  districts  of  North  Wales  and  Cumberland,  oom- 
piislnj;  huge  tiioun  tain-masses,  ore  neither  more  nor  less  than  the  parts 
of  «  gignutio  crystal.  These  maases  of  slate  were  origiruilly  Gno  niud ; 
thisnind  is  comjioaed  of  the  broken  and  abraded  particles  of  older  rocks. 
It  contains  silica,  alumina,  iron,  [lotasb,  soda,  and  mica,  tuiied  in 
sensible  niassi's  mechanically  together.  In  the  course  of  a^ies  the  tnius 
beouue  coiiButidsted,  and  the  theory  liefore  us  n«sumt«  that  aftcrwarda 
B  process  nf  crystallization  rearranged  the  particles  and  develojied  iu  the 
mass  a  single  plane  of  orystallinc  cleuva^.  With  reference  to  this 
hj^ihcsls,  I  will  only  say  that  it  is  a  bold  stretch  of  analogies ;  hut 
still  it  bn«  (lone  gjood  service :  it  has  drawn  attention  to  the  qaestion  ; 
right  or  wroD;^,  a  theory  thus  thoughtfully  uttered  has  its  value  ;  it  is 
'0  |»wer  which  operolM  against  intellectual  stagnation ;   and, 

bby  provoking  opposition,  is  eventually  of  sorvice  to  the  cause  ol 

It  would,  however,  have  been  remarkable,  if,  among  the  raulu 

ido^ta  thmnsBlves,  men  Wei's  not  found  to  seek  an  explanation  of 

n  question,  which  involved  a  less  hardy  spring  on  the 

I  of  the  speculative  faculty  than  the  view  to  whioh  1  have  just  re- 

le  first  step  in  on  inqniry  of  this  kind  is  to  put  oneself  into  contact 

k  natnr*,  to  seek  facta.     This  baa  been  done,  and  the  labours  of 

W  (the  late  President  of  the  Geological  Society,  who,  to  the  loss  of 

e  and  the  sorrow  of  all  who  knew  liim,  has  so  suddenly  been 

u  of  the  Oeelogjcal  Sode^,'  Ser.  ii.  vol.  ill.  p.  4T7. 

to  Sir  C1iiu-1b>  Lydl,    doted   from    the  C«po  of  Good  Hope, 

7  SO,  IBS'},  Sir  John  Herxciiel  wiJM  u  fbllown:— "If  iwki  bare  bi-cn 
1  H  l«  allow  of  m  GommsicemFiit  of  crfittUlisatlOD,  that  ii  to  taj.  If 
IP  hwn  litnteii  to  ■  point  «l  which  the  particles  am  bfgiii  to  movn 
11  thrmMlTM^  or  St  loot  on  th*ir  own  biei,  «oin«  g*i»ral  Isw  murt  then 
iui'  Ike  poittioD  IU  Hhlch  diat  puiiclu  will  reA  on  e>Killn)r.  PmbaLI; 
mliaa  will  h«ve  aotue  nlaUoa  to  the  dinctinn  iu  which  llin  li«t  racsiia. 
vliiii  all  IT  a  DinjorJtj  nf  |nrticl»  of  tb»  umr  nHturi!  have  ■  gBuual 
11'  pnldol^,  thnt  Inuit  of  CditrBe  detennmc  k  uleuvti|:e  pluiie." 
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taken  away  from  hrX  ^1>7>  uid  others,  have  furnuhcd  ua  with  a  lo^ 
of  evidence  which  reveals  tu  u(  cerlam  imtviianl  ]itij«ical  \iu 
associated  urtih  the  ^ppearuice  of  slatf  cleavRge,  ir  the.v  hare  not  pit) 
iluced  it.  The  nature  of  this  evideuoe  we  wlil  now  piticeed  to  ouuRJAe 
FoBsil  shells  are  fouod  iu  these  slale-rocks.  I  have  hero  scvm 
BpeaiDCDB  of  such  shells,  occupjing  Fsrious  portions  wiOi  refpiril  to  ll 
Clfavoge  plnnes.  lliey  are  squeezed,  distorted,  and  onished.  In  jKxd 
Oasea  a  flsttcniug  of  the  convex  shell  occurs,  in  otlicrs  the  valtre*  « 
pressed  hy  a  force  which  acted  in  the  plane  of  their  jilDction,  but  tn  « 
caaea  the  distortion  is  such  as  leads  to  the  inference  that  the  toc 
which  conlains  these  shells  lias  been  subjected  to  enonuoua  p 
in  a  direction  nt  right  angles  Iu  the  plaues  nf  olcai'age  ;  the  did 
are  all  flattened  and  spread  oiit  u[ion  these  planes.  I  hold  in  n 
band  a  fossil  trilubitc  of  nunuul  pra[iortionB.  Here  is  a  scries  of  fOMl 
of  the  Bome  creatnre  which  Imve  suffered  distortion.  Sotne  hfti 
lain  across,  some  along,  and  sonie  obli<|ue  to  tlie  cleavage  of  Uitt  d 
in  which  they  arc  found ;  in  all  cases  the  nature  of  the  diatortk 
is  such  as  roquirod  for  its  production  a  comprcasing  force  acting  at  ri 
angles  to  the  planes  of  cleavage.  As  the  creatures  lay  in  the  mud  t 
the  manuer  indicated,  the  jawa  of  a  gigantic  vice  appear  to  have  el 
upon  them  and  squeezed  them  into  the  ahape  you  see.  As  fur 
evidence  of  the  ii.\ertion  of  pressure,  let  me  introduce  lo  your  notice 
cose  of  contortion  which  has  lieen  adduced  by  Mr,  Sorby,  The  bei 
ding  of  the  rook  shown  in  this  iigure'  was  onou  Loriiontal ;  at  A  n 
have  n  deep  laji-'r  of  mud,  and  at  tn  n  a  layer  of  conipormtirelj  ni 
yielding  gritty  materia] ;  below  tlukt  again,  at  B,  we  have  another  Uji 
of  the  fine  mud  uf  which  slates  are  formed.  This  moss  cleaves  slaii{ 
the  shading  lines  of  the  diagriini ;  hut  look  at  tbo  shajie  of  the  ioM 
media'«  bed :  it  is  oi.<ntort«d  into  a  ser|>entine  fumi,  and  leit^  im 
aistibly  to  the  conclusion  that  the  mass  has  been  pressed  ti^etbef  ^^^ 
right  angles  to  the  planes  of  cleav^e.  lliis  action  csji  be  expcri 
mentally  imitated,  and  I  have  here  a  piece  of  clay  in  which  thin  ia  di 
BUd  the  same  result  produced  on  a  small  scale.  The  amount  of  oc 
pression,  indeed,  might  be  roughly  estimated  by  supposing  this  a 
(OTlcd  bed  in  n  to  be  stretched  out,  its  length  measured  and  oompwJ 
with  the  dislAnop  c  li ,'  we  6nd  in  this  way  that  the  yielding  of  tb» 
mass  has  been  considerable. 

Let  me  now  direct  your  otiention  lo  anotlier  proof  of  prrsaair.  Ym    , 
SCO  the  varying  oolonrs  which  indicate  the  bedding  on  tl 
slate.    TIjs  dark  portion,  as  1  have  sUted,  is  gritty,  and  miiipose<t  of 
comparatively  coarse  jinrtioles,  which,  owiiig  to  ibeir  site,  ab^«,  at 
gnyitj,  sink  6rtt  and  conatiluto  the  liuttimi  of  tiich  Uyrr.     GndM~ 
from  bottom  to  top  Uio  coarseness  dlminiahca,  and  near  Uic  0, 
•urfaos  of  Mcb  layer  we  hate  a  mass  of  eomparstivel;  fine  cleu  n 
*  DmitUd  hen. 
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Sometimes  this  fine  mud  fonan  diatinct  laj'ers  in  a  mass  of  slate-rock, 
■ad  it  is  the  mud  thu«  consolldnted  from  which  are  derived  Lho  Germnn 
nsor-Btonps,  so  miich.  prized  for  the  shnrpcning  of  surgical  instnuncnis. 
I  h&re  here  ao  cxEUuple  of  such  a  sCoDe.  Whou  a.  bed  is  thin,  the  clean 
white  mud  is  permitted  to  rest,  as  iu  thi*  caiie,  npou  a  slab  of  the 
ooarwr  slate  in  contact  with  it :  irben  the  bod  is  thick,  it  ie  cut  iuto 
allocs  nhicli  are  cemented  to  pieces  of  ordinary  slate,  and  thtie  rendered 
•tronger.  The  mud  thus  deposited  gometimea  in  layers  is,  as  might !« 
»xp«!ted,  often  rolled  up  into  nodalar  masses,  carried  forward,  and  de- 
pmitnd  by  tho  rivers  from  whioh  the  slate-mud  has  subsided.  Here, 
indoed,  arc  siicli  uudules  enclosed  in  sandstone.  Everybody  who  has 
(aphorod  U])on  a  school-slnte  must  renieuibcr  the  whitish-green  spots 
which  Bometimos  dotted  the  surface  of  the  ilatc ;  he  will  remember  how 
his  alate-peiicil  vmually  slid  oTer  such  spots  hs  if  they  were  jrreftsy.  Now 
these  spots  are  composed  of  the  finer  mud,  aod  thoy  could  not,  on 
account  of  their  fineness,  bite  the  pencil  like  the  sarrouudini;  gritty 
portions  of  the  slate.  Hero  is  a  beautiful  example  of  the  spots:  you 
observe  them  on  the  cleavage  surface  in  broad  |«tchcB  ;  but  if  this 
moss  bos  been  compressed  at  right  angles  to  lho  planes  of  cleavage, 
ought  we  to  expect  the  some  marks  when  we  look  at  the  edge  of  the 
aUh  ?  The  nodules  will  be  flattened  by  such  pressure,  and  we  ought  to 
Me  evidence  of  this  flattening  wticn  we  turn  the  slate  edgeways.  Hero 
it  is.  The  Ecctioii  of  a  nodute  is  a  sharp  cliipee  with  ils  major  axis 
paTxIlel  to  the  olenvage.  There  are  otlieT  examples  of  the  same  nature 
4lD  the  tabic;  I  have  made  excuruoni  to  the  quarries  ofWaiea  and 
Onmberland,  and  to  many  of  the  slato-ynrds  of  London,  but  the  some 
foct  invariably  appears,  and  (bus  we  elovato  a  common  experience  of 
our  boyhood  into  evidence  of  the  higbost  significance  as  regaids  one  of 
lho  most  important  problems  of  geology.  Tn  examining  the  magnetism 
gf  these  slates,  I  was  led  to  infer  that  these  spots  would  contain  a  less 
■mount  of  iron  than  the  snrronnding  dark  slate.  The  analysis  was 
Biule  fur  me  by  Mr.  Uambly  in  the  laboratory  of  Dr.  Percy  at  the 
d  of  Mines,  The  result  which  is  slated  in  this  Table  juatifies 
pt.wnolnsioD  to  which  I  have  referred. 

Analgiii  </  State. 
Purple  Slate.    Two  .\nalyses, 

1.  Percentage  of  iron      fi-fln 

2.  „  „  C13 

Mean     a-Od 

Greenish  Slate. 
1.  Peioeatagoofiron      ..      ..      -     8-24 


Mean     a-l« 
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The  quantity  of  iron  in  the  dark  slate  immediately  adjacent  to  tlw 
greenish  spot  is,  according  to  these  analyses,  nearly  double  of  tlM 
quantity  contained  in  the  spot  itself.  This  is  about  the  proportkn 
which  the  magnetic  experiments  suggested. 

Let  me  now  remind  you  that  tlie  facts  which  I  have  brought  befoff 
you  are  typical  facts— each  is  the  representative  of  a  class.  We  haw 
scon  shells  crushed ;  the  unhappy  trilobites  squeezed,  beds  ooutartidt 
nodules  of  greenish  marl  flattened ;  and  all  these  sources  of  inde» 
pendent  testimony  point  to  one  and  the  same  conclusion,  naxnelyi 
that  slate-rocks  have  been  subjected  to  enormous  pressure  in  a  di* 
rection  at  right  angles  to  the  planes  of  cleavage.* 

In  reference  to  Mr.  Sorby's  contorted  bed,  I  have  said  that  \ff 
supposing  it  to  be  stretched  out  and  its  length  measured,  it  woold 
give  us  an  idea  of  the  amount  of  yielding  of  the  mass  above  and  bdov 
the  bed.  Such  a  measurement,  however,  would  not  quite  give  the 
amount  of  yielding ;  and  here  I  would  beg  your  attention  to  a  'jpmi, 
the  significance  of  which  has,  so  far  as  I  am  aware  of,  hitherto  eaeqied 
attention.  I  hold  in  my  hand  a  specimen  of  slate,  with  its  bedding 
marked  upon  it ;  the  lower  portions  of  each  bed  are  composed  of  t 
comparativfly  coarse  gritty  material,  something  like  what  you  may 
8Upi)ose  tliis  contorted  bed  to  be  composed  of.  Well,  I  find  that  the 
cleavage  takes  a  bend  in  crossing  these  gritty  ix)rtions,  and  that  the 
t<.'ndeucy  of  these  i>ortions  is  to  cleave  more  at  right  angles  to  the 
bedding.  Look  to  this  diagram :  when  the  forces  commenced  to  act, 
this  intermediate  bed,  which  though  comparatively  unyielding  is  not 
entirely  so,  suffered  longitudinal  pressure  ;  as  it  bent,  the  pressure  be- 
came gradually  more  lateral,  and  the  direction  of  its  cleavage  is  exactly 
such  as  you  would  infer  from  a  force  of  this  kind — it  is  neither  quite 
across  the  bed,  nor  yet  in  the  same  direction  as  the  cleavage  of  the  slate 
alwve  and  Mow  it,  but  intermediate  between  both.  Supposing  the 
cleavage  to  be  at  right  angles  to  the  pressure,  this  is  the  direction  whidi 
it  ought  to  take  across  these  more  unyielding  strata. 

Thus  we  have  established  the  concurrence  of  the  phienomena  of 
cleavage  and  i)ressure — that  they  accompany  each  other ;  but  the  quea- 
tiou  still  remains,  Is  this  i)rcssure  of  itself  sufficient  to  account  for  the 
cleavage  ?  A  single  geoloi;ist,  as  far  as  I  am  aware,  answers  boldly  in 
the  affinnative.  This  geologist  is  Sorby,  who  has  attacked  the  question 
in  the  true  spirit  of  a  physical  investigator.  You  rememlnjr  the  cleavage 
of  the  flags  of  Halifax  and  Over  DarAven,  which  is  caused  by  the  inter- 
position of  i)lates  of  mica  between  the  layers.  Mr.  Sorby  examines  the 
structure  of  slate-rock,  and  finds  plates  of  mica  to  be  a  constituent. 

*  While  to  my  mind  tlie  evidence  in  proof  of  pressure  seems  perfectly  Irre- 
sistible, I  by  no  means  assert  that  the  manner  in  which  I  stated  it  is  incapable  of 
modification.  All  that  I  deem  important  is  the  fact  that  pressure  has  been 
exerted ;  and  provided  this  remain  firm,  the  fate  of  any  minor  portion  of  the 
evidence  by  which  it  \s  h«T«  f9»\2L\i\\&\wi\  \&  Ott  QtscKv^ativdy  little  moment. 


He  aika  himsolt,  wbal  will  be  the  effect  of  preuurc  upon  a  mau  cod- 
t&llliug  snoh  plates  confusedly  mixed  up  in  it?  It  will  be,  he  argues — 
and  lie  urgueB  rightly — to  place  the  platos  with  their  lint  surfncee  inure 
or  less  i>erpeDdicular  to  the  direction  in  which  the  jiressure  is  exerted. 
He  tahcB  scales  of  the  oxide  of  iron,  mixes  llum  with  a  fine  powder, 
■lul,  on  aqucesing  the  mass,  finds  that  the  tendcac;  of  the  scales  is  In 
mt  tbamselves  at  right  angles  to  the  line  of  presBuro,  Now  the  plaw-s 
in  vUcIi  these  plates  arrange  themselves  will,  he  contends,  be  tho£i? 
atODg  which  the  mass  cleaves. 

I  could  show  yoo,  by  t«eti  of  a  totally  different  character  from  thosu 
npplieii  by  Mr.  Sorby,  how  true  his  concIuBion  is.  that  the  effect  of 
prea«are  on  ulongnted  |uirtiDlcB  or  plates  will  ho  such  as  ho  describes  it. 
2feverthek>SB,  while  knowing  this  fact,  Biid  admiring  the  abjliiy  with 
which  Kir.  Sorby  has  treated  this  question,  1  cimuot  accept  his  explnna- 
tioii  of  slate-cleavage.  1  believe  that  even  if  thesi.'  plates  of  mica  were 
iriiolly  ateenc,  llie  cleavage  of  sUte-rocks  wou  d  be  nu  h  h  am 
fa  at  present. 

I  will  not  dwell  hero  upon  minor  foots, — I  w  n  n  ge  ha  «■ 
pirfectioii  of  the  eleatngc  bears  bo  relation  h    q  an    y        ni 

present;  but  I  will  come  at  ouce  to  a  csiil  nhch  om  mndnu 
pletely  U|Hicts  the  notion  tliat  anch  plates  are  a  nee  ssaiy  men  n  h 
pnidnotioii  of  cleavage. 

Here  Is  a  mass  of  pire  white  wax :  there  are  no  mica  particteB  herr  i 
then)  are  no  scales  of  iron,  or  aitything  analoguus  mixed  up  with  the 
naaa.  Hero  is  tlio  aelf-aame  subsUnce  submitted  to  pressure.  1  would 
tnvlti!  the  attention  of  the  eminent  pwlogista  whom  I  see  bcfon!  me  to 
tfaa  atnicmre  of  this  mass.  No  sinle  ever  exhibileil  so  clcnn  a  cleavage ; 
U  aptit*  intn  lamime  of  sur]iassing  tenuity,  and  |<rovcs  at  a  single  stroke 
tllM  presaui'e  is  sufficient  to  produce  cleavage,  and  that  tliis  cleavage  is 
tlld«|>eDdont  of  the  ialennixed  plates  of  mica  assumed  in  Mr.  Sorby's 
tbeory.  I  have  purposely  mixed  this  wax  with  elongated  particles,  and 
am  unable  to  say  at  the  present  moment  tliat  the  cleava<,'e  is  sensibly 
«ffeOl«d  by  their  presence, — if  anything,  1  should  aay  they  rather  impair 
ila  fineness  and  clearness  than  promote  it. 

The  finer  the  slate  the  more  {perfect  will  be  the  reaombhinoa  of  iu 
deavage  to  that  of  the  wax.  Cominre  tbo  surface  of  the  wax  wilh  tlie 
•ui&oe  of  ibis  slate  th>m  Borrodale  in  Cumberland.  You  have  precisely 
Um  bsiuo  features  in  both  :  }'ou  see  flakes  clinging  to  the  surfaces  nf 
firh.  which  have  bcsn  partially  torn  away  by  the  otenvngo  of  the  mass  r 
I  antertain  the  convieiion  that  if  ony  close  observer  oonigiartfl  these 
^fr.affccts,  he  will  ho  led  to  the  oonciusioti  that  they  are  the  product 
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But  you  will  ask,  bow,  according  to  my  view,  does  pressure  produee 
this  remarkable  result  ?    This  may  be  stated  in  a  very  few  words. 

Nature  is  everywhere  imperfect!  The  eye  is  not  perfectly  achro- 
matic, the  colours  of  the  rose  and  tulip  are  not  pure  colours,  and  the 
freshest  air  of  our  hills  has  a  bit  of  poison  in  it  In  like  manner  there 
is  no  such  thing  in  nature  as  a  body  of  perfectly  homogeneous  structure. 
I  break  this  clay  which  seems  so  intimately  mixed,  and  find  that  the 
fracture  presents  to  my  eyes  innumerable  surfaces  along  which  it  htt 
given  way,  and  it  has  yielded  along  these  surfaces  because  in  them  the 
cohesion  of  the  mass  is  less  than  elsewhere.  I  break  this  marble,  and 
even  this  wax,  and  observe  the  same  result :  look  at  the  mud  at  the 
bottom  of  a  dried  pond;  look  to  some  of  the  ungravelled  walks  in 
Kensington  Gardens  on  drying  after  rain, — they  are  cracked  and  split, 
and  other  circumstances  being  equal,  they  crack  and  split  where  the 
cohesion  of  the  mass  is  least.  Take  then  a  mass  of  partially  coih 
solidated  mud.  Assuredly  such  a  mass  is  divided  and  subdivided  bj 
surfaces  along  which  the  cohesion  is  comparatively  small.  Penetrate 
the  mass,  and  you  will  see  it  comix)sed  of  numberless  irregular  nodules 
bounded  by  surfaces  of  weak  cohesion.  Figure  to  your  mind's  eye 
such  a  mass  subjected  to  pressure, — the  mass  yields  and  spreads  out  in 
the  direction  of  least  resistance  ;  *  the  little  nodules  become  converted 
into  laminrc,  separated  from  each  other  by  surfaces  of  weak  cohesion, 
and  the  infallible  result  will  be  that  such  a  mass  ^vill  cleave  at  right 
angles  to  the  line  in  which  the  pressure  is  exerted. 

Further,  a  mass  of  dried  mud  is  full  of  cavities  and  fissures.  If  you 
break  dried  pipe-clay  you  see  them  in  great  numbers,  and  there  are 
multitudes  of  them  so  small  that  you  cannot  see  them.  I  have  here  a 
piece  of  glass  in  which  a  bubble  was  enclosed  ;  by  the  compression  of 
the  glass  the  bubble  is  flattened,  and  the  sides  of  the  bubble  approach 
each  other  so  closely  as  to  exhibit  the  colours  of  thin  plates.  A  similar 
flattening  of  the  cavities  must  take  place  in  squeezed  mud,  and  this 
must  materially  facilitate  the  cleavage  of  the  mass  in  the  direction 
already  indicated. 

Although  the  time  at  my  disposal  has  not  permitted  me  to  develop 
this  thought  as  far  as  I  could  wish,  yet  for  the  last  twelve  mouths  the 
subject  has  presented  itself  to  me  almost  daily  under  one  asi>ect  or 
another.  I  have  never  eaten  a  biscuit  during  this  period  in  which  an 
intellectual  joy  has  not  been  snix?radded  to  the  more  sensual  pleasure, 
for  I  have  remarked  in  all  such  cases  cleavage  developed  in  the  mass  by 

summ(?r-tcni})erature  the  wax  is  soft,  and  tears  rather  than  cleaves;  on  this 
.'locount  1  C(x>l  my  compressed  specimens  in  a  mixture  of  iwuided  ice  and  salt,  and 
when  thus  oooled  they  split  beautifully. 

'^  It  is  scm-ely  necessary  to  say  that  if  the  mass  were  squeexed  equally  in  aU 
directions  no  Inminatcd  structure  could  be  produced  ;  it  must  have  room  to  yidkl 
in  a  lateral  dii-ection. 


otitic 


tlie  rolRng-jno  of  tho  pastrycook  or  ooufcctioner,  I  have  only  to  breiik 
thoM  cakfM,  and  to  look  al  CLie  (ructtire,  lo  eea  tbe  kiuinated  slntrtitre 
of  ibo  luus ;  uay,  I  hava  the  oieana  of  I'usliing  Uio  anali^y  further :  1 
alttto  wliicli  waa  gubjrcied  to  »  iiigh  ttmpttratiire  fliirinp 
ooiitkgraiion  ot  Mr.  Scott  Rusu-H's  premises.  1  iDvite  yon  to 
ipare  lliia  stnicturu  vdOi  tlial  of  a  biscuit;  air  or  vapour  witliiti  (lie 
bus  (Miucd  it  to  swell,  and  thu  mechanical  itrncturc  it  reveals  is 
{vedsety  that  of  a  biscuit.  I  have  goaa  n  Httlu  into  the  raytil«rie«  of 
baking  while  couductiug  my  inquiries  on  this  subject,  and  have  receivtil 
DHich  instruction  from  a  lody'lneiid  in  the  manufacture  of  puff-pflsiu. 
Hero  is  some  pnsto  hnkcd  in  this  house  under  my  own  auperintendcnca. 
Thti  cleavage  of  our  hills  is  accidental  cleava^,  but  this  iscleavnge  nith 
intOD^on.  l*he  Toiition  of  the  psHtrycuok  bos  entered  into  the  lornia- 
IJonofthemRM,and  it  hasl'vcnhis  aim  Co  preserve  n  series  of  surfaces  iif 
struoturat  weakness,  along  which  the  dough  divides  mlo  laj-eni.  I'nff- 
paste  must  not  bo  bandied  too  much,  for  then  the  continuity  of  IIih 
surfaces  is  broken;  it  ooaht  to  bo  rolled  on  a  eold  slab,  to  prevent 
tho  butter  from  melting  and  diffusing  itself  through  the  mass,  thus 
rsDilwin^  it  more  homogeneous  and  less  liable  lo  split.  This  is  thi' 
vrbole  pbilosophy  of  puQ-pasto ;  it  is  a  grossly  exaggerated  case  of  sisty 
cleavage. 

As  Limo  passed  on,  cases  multiplied,  illuetrating  the  luflnence  <\l 
ptewure  in  producing  lamination.  Mr.  Warrun  Du  la  Itue  informs 
nut  that  ho  oncti  wished  to  obtain  white-lead  in  a  fiat)  granular  slate, 
and  to  iLocomplish  this  be  first  compressed  the  nuiss :  tbe  would  was 
conical,  and  pcrmitlod  ihe  mass  to  spread  a  liltla  Int^ritlly  under  tiie 
prcsture.  The  lamination  was  as  perfect  as  that  of  shite,  and  qut'e 
dsieateil  him  in  his  effort  to  obiain  a  granular  powder.  Mr.  Brodie,  ss 
jmi  are  aware,  has  recently  discovered  a  new  kind  of  graphite :  here  is 
nibatanoe  in  powder,  of  eiquisile  fineness.  This  powder  lias  tho  )iecu- 
at  cliogiag  logelher  in  little  confederacies ;  it  cannot  be  shaken 
like  lycopodium ;  and  when  the  mass  is  squeezed,  these  groups 

^partioles  flatten,  and  a  perfect  cleavage  is  produced.  Mr.  Brodichimself 
lua  been  kind  enough  to  furnish  mo  with  spedmens  for  this  evening's 
lecture.  I  will  cleave  them  before  you :  you  see  they  split  up  iiiio 
pktcs  which  are  perpendicalar  to  the  line  in  which  the  pressure  wiw 
exerted.  This  Ustimouy  is  all  the  mare  valuable,  as  the  facta  wvri- 
obtoioed  without  any  reference  whatever  to  the  question  of  cleavage. 

I  have  here  a  moss  of  lliat  singular  substance  Bedhead  Cannel. 
■fbls  was  otice  a  innss  of  mud,  more  or  less  resembling  this  one,  whicli 
I  have  obtained  from  a  bog  in  I^ncoshire.  I  feel  some  faeatatlon  in 
bringing  this  substance  bvfore  you,  fur,  as  in  other  casM,  so  in  regard  to 
Boghead  C'nimel,  science — not  science,  let  nio  not  libel  it,  but  the 
quibbling,  litigiona,  money-loving  |>ortion  of  human  nature  spciikinc 
"         "      ■      mask  of  science — baa  ao  contrived  lo   split  Lairs  «. 
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render  the  qualities  of  the  substance  somewhat  mythical.  I  shall 
therefore  content  myself  with  showing  you  how  it  cleaves,  and  witii 
expressing  my  conviction  that  pressure  had  a  great  share  in  the  pro- 
duction of  this  cleavage. 

The  principle  which  I  have  enunciated  is  so  simple  as  to  be  almost 
trivial ;  nevertheless,  it  embraces  not  only  the  cases  I  have  mentioned, 
but,  if  time  i)ermittcd,  I  think  I  could  show  you  that  it  takes  a 
much  wider  range.  When  iron  is  taken  from  the  puddling  fumaoe^ 
it  is  a  more  or  less  spongy  mass:  it  is  at  a  welding  heat,  and  at 
this  temperature  is  submitted  to  the  prooess  of  rolling :  bright  smooth 
bars  such  as  this  are  the  result  of  this  rolling.  But  I  have  said  that 
the  mass  is  more  or  less  spongy  or  nodular,  and,  notwithstanding 
the  high  heat,  these  nodules  do  not  j»erfectly  incorporate  with  their 
neighbours :  what  then  ?  You  would  say  that  the  process  of  rolling 
must  draw  the  nodules  into  fibres — it  does  so;  and  here  is  a  man 
acted  upon  by  dilute  sulphuric  acid,  which  exhibits  in  a  strikiDg 
manner  this  fibrous  structure.  The  experiment  was  made  by  my 
friend  Dr.  Percy,  without  any  reference  to  the  question  of  cleavage. 

Here  are  other  cases  of  fibrous  iron.  This  fibrous  structure  is  the 
result  of  mechanical  treatment.  Break  a  mass  of  ordinary  iron  and 
you  have  a  granular  fracture ;  beat  the  mass,  you  elongate  iheue 
granules,  and  finally  render  the  mass  fibrous.  Here  arc  pieces  of  ndls 
aloni?  which  the  wheels  of  locomotives  have  slided ;  the  granules  have 
yielded  and  become  plates ;  they  exfoliate  or  come  off  in  leaves.  All 
these  effects  lx»long,  I  believe,  to  the  great  class  of  pha^nomena  of 
which  slaty  cleavage  forms  the  most  prominent  example.* 

Thus,  ladies  and  gentlemen,  we  have  reached  the  termination  of  our 
task.  I  commenced  by  exliibiting  to  you  some  of  the  phsenomena  of 
crystallization.  I  have  placed  before  you  the  facts  which  are  found 
to  be  associated  with  the  cleavage  of  slate-rocks.  These  facts,  as  finely 
expressed  by  Ilelmholtz,  are  so  many  telescopes  to  our  spiritual  vision, 
by  which  we  can  see  backward  through  the  night  of  antiquity,  and 
discern  the  forces  which  have  been  in  operation  upon  tiie  earth's 
surface 

**  Ere  the  lion  roared, 
Or  the  eagle  soared." 

From  evidence  of  the  most  independent  and  trustworthy  character, 
we  come  to  the  conclusion  that  these  slaty  masses  have  been  subjected 
to  enormous  pressure,  and  by  the  sure  method  of  experiment  we  have 

*  An  eminent  authority  informs  me  that  he  believes  these  surfaces  of  weak 
cohesion  to  be  due  to  the  interposition  of  films  of  gmphite,  and  not  to  any 
tendency  of  the  iron  itself  to  become  fibrous :  this  of  course  does  not  in  any  way 
militate  against  the  theory  which  I  have  ventured  to  propose.  All  that  the 
theory  requires  is  surfaces  of  weak  cohesion,  however  produoad,  mud  a  dumge  of 
shape  of  such  surfaces  consequent  on  pressure  or  rolling. 
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shown — and  this  is  the  only  really  new  point  which  has  heen  brought 
before  you — ^how  the  pressure  is  sufficient  to  produce  the  cleavage. 
Expanding  our  field  of  view,  we  find  the  self-same  law,  whose  foot- 
steps we  trace  amid  the  crags  of  Wales  and  Cumberland,  stretching  its 
nlnquitous  fingers  into  the  domain  of  the  pastrycook  and  iroufounder ; 
nay,  a  wheel  cannot  roll  over  the  half-dried  mud  of  our  streets  without 
revealing  to  us  more  or  less  of  the  features  of  this  law.  I  would  say, 
in  conclusion,  that  the  spirit  in  which  this  problem  has  been  attacked 
by  geologists  indicates  liie  dawning  of  a  new  day  for  their  science. 
The  great  intellects  who  have  laboured  at  geology,  and  who  have 
niaed  it  to  its  present  pitch  of  grandeur,  were  compelled  to  deal  with 
the  subject  in  mass ;  they  had  no  time  to  look  after  details.  But  the 
desire  for  more  exact  knowledge  is  increasing;  facts  are  flowing  in, 
which,  while  they  leave  untouched  the  intrinsic  wonders  of  geology, 
are  gradually  supplanting  by  solid  truths  the  uncertain  speculations 
which  beset  the  subject  in  its  infancy.  Geologists  now  aim  to  imitate, 
•8  far  as  possible,  the  conditions  of  nature,  and  to  produce  her  results ; 
they  are  approaching  more  and  more  to  the  domain  of  physics ;  and  I 
trust  the  day  will  soon  come  when  we  shall  interlace  our  friendly 
arms  across  the  common  boundaiy  of  our  sciences,  and  pursue  our 
respective  tasks  in  a  spirit  of  mutual  helpfulness,  encouragement,  and 
goodrwill. 
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Irlih  Pmr.   8Ta.    Id.— Beoteb  Poor,    Srs.    111. 

(Rev.  H.  0.)      Historical   and   Deacripti»e   Account 

or  (ha  Fsnit  e(    Dun,  d«tlicd    from-  OiwuL   Utmtrntjon   v>d 
"tliir  SoiDCai,  FuUlb  FrlT.te,  Legeadu-nuul  LueiL    WogdcuU,  Ac. 

NICOLAS'   (Sm  Hakub)   HUtoric  Feeniga   of  England.      Bxhi- 
hiilDg,  under  A  Iphib-tlcd  ArrmgelDanl.  (be  OriglB,  D<(« 
■■nHiit  SUM  of  evify  Tltii     '  ~ 
Cuuntrr  iln»  tl»B  CimqiiuL.    itting 
Oil.  l-iwr«(»."  KeHwd,Corr>i!i«l,M 
Bt  Whlub  C  -  .  . 


NIHBOD  On  th«  Chace— The  Tnif— uid  Tht  Roxl.     Beprintod 

(WmUi«"Qiiin«il)'R^>-l»n."    Woodeuu.    Fo*p.6Te.    Si.a^ 
O'CONNOR'S  (B.)  Field  BporW  ot  Fruiee ;  or,  Uaotiiig,  ShootiDic, 


OWEN'S  (riorKsaon)  MnDualot  Foul  MatntulB.  Inclading  tbe 
(iibi'uiCK  of  Iho  cimrw  at  l*>etii™  oo  Ont-jlmtj  ud  PBlmnB^oitf  ul 
th«  dua  lluniusllh  dfilYirpiI  at  Uic  HotrDpnUun  Sdwal  of  SOmtc, 
J.nDjBHliwt.    lUuMnllom.   B«.  [/KUtiVuk 

OXENHAU'S  (Kkt.  W.)  English  Kotaafor  Latin Elcgisca ;  deadgiud 
for  esrly  FrnOclenu  In  tbe  Art  ot  LnUa  VcraltuMan,  vlUi  PrsbUfT 
K>il»i>rCiHiiix»IUDiiliieiegluUelni.    rainlJUrli«.    I3ID0.    4l 

FAOETS  (loan)  Uangoiy  and  Tmuylvuik.  With  Bcmarka  on 
Ctaelr  ConiUlloB,  emltl,  Polillul,  >  ■    ' 

PAMS'  (Dr.)  '  PLilMophj*  i 

of  the   Tvrit  vid    SiKiiU 

PABETNS'  (HiNBriELD)  PersoorU  Nanntiro  «f  Thne  Yean'  Beti* 

PEEL'S    (SiK    RoBiKT)    Memoirs.      Lea   in    US8.       Ei^tadbf 

Euu,  STUHarK  and  Iha  Biglil  Han,  Edwud  Cuuvelu     9  ToU. 

PSILE'3  (Rbt.  Db.)  AgBmGmiioD  ami  CIioepliartG  or  ^schjlno, 
A  Ne»  Ediiioo  ot  tha  Teil,  wilh  NoWi,  S«™i  £dil<<«.  S  Tola. 
Sio.    8i.  each. 

m  .Angler,  and   tli« 


PKMN-a  (Hia 


HP)  MudiDX  and  HmU  (b: 

Flsblng.    To  wbteh  U  adilcd,  

CliMt-pl»Ter.    A'M  MKioii.    Wnodriiti.    Fc«p.  Bro.    U. 
PBNB08E'3(Bkv.Johii)  Failh  and  Practice;  anExporitioa  oftliB 
rrinclplesind  DutloofNttunI and  IliTeilcdKelletan- Foil  8*0. 8>.N. 

- — (P.  C.)  Principles  of  Athenian  Arcbitectnre,  ud  iha 

OpIlHl   Ktflaeniratn  ciblbitcd  In  (be  CooatniMlDS  of  tb*  Awleiit 

(PkUitlui  imturUu:  ^rrcliim  1^ llu DiltUivili  AietollJ 

PERCY'S  (JoBN,  H.D.)  Melallurgy;  or,  tbe  Art  of  EitracUsg 
llBlala  froid  tliair  OrvHindiulabilikE  tbciatoTarlouipunmiasar  Vaan- 
futDn,    Illiutntioiu.   8to.  I/- >;te /Viu. 

PBBRY'S  (SiH  EuKUt)  BirdVEje  yiew  of  India.  Willi  Ezlnci* 
frmn  ■  .Inunial  ktpt  Id  the  PiT>vlnc»i.  Nepul,  Ac.    Feap.  Sro,    Sf. 

PHILLIPS'  (John)  Jlemolra  oF  William  Smith,  LL.D.  (Uie  Geo. 
loglsl).    Parlnlt.    Bto.  Tt.M, 

Geology  of  TorkBhire,  The  Yorkahire  Coaat,  and  the 

UooDtala-LmiHWna  DlBtriDk    Plat«i4to,    Pan  l^lOi. -Pan  lI,Ma. 

Rivera,    Moonlaina,  and   6eB   Cowt    of    YorksUrB. 

With  EWTI  on  Iha  Climate,  SIccnMy.  and  Ancient  iDbabllanta  at  the 
CountFT.    aKDml  EA'Iun,  with  34  Plalca.  Bro.  IBi. 

PHILPOTT'S  (Bishop)  tvctten  to  the  late  Charlea  Butler,  on  Ilie 
ThcDlcgieal  parU of  hli  "  Book  of  tbe  RomaD  Cathallc  Chuitb;"  irlth 
Kemarlu  on  cerUin  Warki  of  Dr.  Mllnor  and  Dr.  UDitard,  and  m  uu 
part!  nf  the  Evidance  of  U[.  Dayle.    Steand  SUtia*.    Bio.    ie>. 

i)   Memoir,  Corretpondence,  Literary  and 
itRnbrnPlunitrWard.  Portrall.  SToII.  Btb.  ISa. 

i)  Worki.    An  entirely  New  Edition.    Edilad, 


-  HaadbookforSfTu and P»1eBline:mcludingBD Account 
oflbHG«0ffr»pli7,bliiH»rs',AntlqiiJti*H,  •mlInh»h*ianiaoriheieCQiinlriat, 
.. , ,„.-..  „j._.  — li  [j,„  SjTiin  llBMrt.    Mipa.    SVoli. 

for     ScbooU   sod    for 


PRECEl'Ta  POR  THE  COKDUCT  OP  LIFE.  Eihortetioaa  to 
4  Tirtuods  Gi>arH  ud  DEflftUulona  ttom  ft  Vldoiu  Cknu.  Exlmcted 
train  ibe  Hulpiuni.    OcndEduun.    Fup.  Sio.    li. 

PEIHBEPS  <Jia.)  Satiyt  on  Indian  Antiquitiea,  Historic, 
NamlmutlE,  ud  Pilwianplile,  wtlli  TablH.  Illoatntifg  or  lodlu 
UiitDrr.  CtmnDlogT.  Koitra  Colnigta,  WalKliu,  Htuurea.  Sa. 
Edltrt  br  BDWimo  Thomas.    Illdiiiuitpni.   S  Vol>.    Hn.    5S..iij. 

PBOOUESS  OF  RUSSIA  IN  THE  EAST.     An  HUtoHcal  Soni' 


U  Tlmi 


Uip  bj  A 


n,rJ  Sdiliam.    B»l 

PUSS  IN  BOOTS.    With    12  IllDBtniliona ;  for  Old  «id  Yoting. 

By  Ono  BPBCunt    A  Nffic  Sdiiirm.    IflniD.    li.Sd. 
QCARTEKLY  REVIEW  (Thi).    8to.    a«. 
aANK.E'9   (Leofold)  Political  and  EwIshIobUciI  Hiitory  of  Uh 

liIeri^Di ™e'atrmi^n  Lr  Mu.  Anani.  TA-ra  SdUion.  3  VdLi.  8fo.  M<. 
RAWLINSON'S   (Rsv.  Oeokor)    HerodatDR.      A    New    EnglUh 

R°wuHaO!'iiadBiMj.G.''tViuiii»ii.    uipiud  WooiKriiu.    4  Yobi, 
Sro.    ItU.ucta. 
— —  HUtoricaJ  ETidencea  of  the  tnith  of  the  Scriptnro 


B2JECTBD  ADDRE^ES  (Thk).     BfJjiHM 
AVIIh  Blognpblu  of  tbe  Autbon,  ud  idditloni 


HoBAOB  Smith. 

■U».    A'rw  aHU-m, 
T  J^M  /tafw,  witli 

RENNIE'S  (JiHEs)  lasecr'Architectare.  To  which  are  added 
Cbmnnrion  tbo  KavBgas,  Uie  Prewmtloii,  for  PnrpoMBof  Bind?,  tnd 
lbs  Cluill]<»tlDn  sf  Inteeu.    Wih  SiHIkn.    VToodeau.    PdiiBtO,  6>, 

RICARDO'S   (D*vid)    Political    Worki.    With  a  Notice   of  bU 

RIPA'S  {FiiBEB)  Memoire  during  Thirtoeo  Yeara'  Reaideuce  at  the 
Court  of  Paklng,  in  Ihn  girvl»  at  Uw  Emperor  of  CUn*.    Tiuulnted 

ROBERTSON'S  (Riv.  J.  C.)  HIrIot;  of  the  ChrUllaD  Church,  From 
tbg  ApostDllii  AgB  10  lb«  FonUflaUi  of  OnKorr  tho  Ore*!.  i.P,  GOO. 
SioMif  anf  Baviied  KdUioH.    Vol,  I.    Bto.    I(U. 

^~ Second  Period,  from  t.a.  6S0  to  the  Concordat  o( 

— Becket,  Archhiahop  of  CatilBrburj ;  a  Biograpliy. 


Lour  KeHiiRtain  in  ISSI. 


BOUtLLY'S  (S»  S*MCBi.l  Memoin  imd  PolUical  Durj.  Bv  U* 
Swi,    nird  AUkkl    Pnnmll.    s  Vali.    f  up.  Stn.    Ui. 

*""^'S  (Sift  iixte}  Vny&gs  of    DiKorerj  and   Research  in   the 

BeuUicni  ud  AnUnnii  EsgloDi  dnrinr  Uia  r»n  leSlMS.  Platea. 

BOWLAND'S  (DiviD)  Mildu]U   of  tlie  Eogliab  ConstiluUan ;    a 

BUNDELL'S  (Uia.)  Domeelic    Cookeiy,    rounded   od  Prinel^i 

ofEconoinrMdPrMUiB,  tut  idaptal  for  Pri'    ■-  " "  -™ 

Ken-Bil  Bliiiim.    WDDdema.    Fan.Bro.    61. 

BD3SU ;    A  Memoir  of  tke  Bemorktble  Ercnta  which  all 
lbcAeHulDnDflh«Eaip«riir  NFcholu,  Bj'IIau 
afBUU.    Bto.     lUl.M.     iPitilUliat  tg  Jiiptnal , 

BUXTON'S  (QtoRoi  F.)  Tnrela   in   Mexico ;    with    Adrent 

■nmnglhii  Wild  Tribal  mid  Anlnulsof  UmPnJrlei  Bnd  IbclcT  1iobii> 

BALE'S  {Li.iiT}  Jourani  of  the  Diuitei*  in  ASghsnisUn.     Siffhth 

—  (Sift  HoMBt)  Brigade  in  Affghtnialui.  With  ad  Acwnnt  of 

tlwSel«<inuidUel<iliMrl(JelUllblld.BTlUT.G.tLOLtTa.  roit»ra.li.M. 

SANDWITH'3  (Hdupbri)  Kftnalire  of  the  Siage  of  Km 
■nd  or  lb«  Hii  lliinlhi'  RenliUiice  bT  tba  Turlflih  flinHuin  nudtr 

SCOTTS     (G. 

Anbluctni 

SCROPE'S  (WiL 

withsomB 

-  -  Duft  and  Nights  of  Salmon  Fishing  in  the  Tveed  : 
Tllti  >  ibnn  AaoiiDt  or  th*  NuunI  UtiVrr  "id  U*bIuorih«SiliuvM. 
SKmiDtlliim.    Woodiuiti.    Hum'Sto.    3I>.8J. 

(0.  P.)  Memoir  of  Lord  Sydenhun,  and  his  Adminiitra- 

tlm  tn  Cuiiuli.   Scrmil  aOiat.    fonnil.    Bn.   a..ed. 

-  Oeologj  and   Extinct  Volcanos  of  Central  Frai 


SHAW'S  {Thos.  B.)  Oatlinet  of  English  Litenture,  hr  tli«  1j 

VaunK  auidenu.    PnldTo.    lit. 
SIBBRA  LEONE ;  Described  in  a  Series  of  Leltdra  t< 

nomo.    ByALinr.    EdiWbr  Mm.  Koiroir.    Po«  §r  .    . 
SMILES'   (Saxuil)    Lifo  of  George  Slephenson.    I'ijlh   , 


BPECKTEB'S  (Otto)  Pbu  in  Boob,  »ait«d  to  the  TuU*  of  Old 

. Churned  Boo ;  or,  ths  Stor;  of  ths  Little  Brotlwr 

mud  Slater.  tUumied.    lanm. 
STANLEY'S   (Rer.  A.  P.)  ADORum   ijn>  Chibois  op  tbe  Litb 

BiaBOPSTULn.  W[tb>M<miairofblsLUe.  &>co>4£'l(imi.BTD.10>.M. 

|SermonH  preached  in  Canterborj  Cathedial,  on  Uio 

,              UnitirofBrugfllail  knd  ApaiiDllulTeulilDg.    Phi  Bfd.    7r.M. 
_„ — ComnienUTj  on  St.  Pwil'e  Bpiatles  W  the  Corin- 


HiatDiical  Heioarial*  ofCuiterliiuy.   The  LuidiDgof 

AngoiMne— The  UiiiJar  nf  Keektt— Ths  Rlncli  rriDH~TU«  3briu  at 

Sinii  uid  PsIsBtine,  in  Conneiion  with  their  Blalor^. 

3T.  JOHN'S  (CaiBLEs)  WUd  Sports  and  Nntnml  History  of  Iha 

UlgbUnda.    PoUBto.  8t. 
■ (BiTL«)  Adventures  in  the  Libj^tn  Desert  uid  the 


I 


jL  Smtita,    ftfUt  & 

The  atoryofha  Life.   B7  S^auu  Shilej.     Fi/i\ 

r*OM.»(f.     WooHratt    Pn.lBM.    Si. 

STOTHARD'S  (Tbo9.,  R.  A.)  Life.     With  Peraoiul  RemiDisceneea. 

STEEETS  (0,  E.)  Brick  and  Marble  Archilectnre  of  Italy,  in  Uie 

Uiddle  Ag».    Plitu.    Sro.    ai.. 
BT&IFK  FUR  THE  MASTEBT.    Too  AJIegarieo.    With  Uw- 

IrattoM.    CmiraSio.   8.. 
SWIFT'S    (JoBituxa)   Life,    Letters    uid   JouniBl«.     Bj   loB* 

FoMimB.    8to.     In  Frr/Miviicn.      . 

Worku,    Edited,  with  Notes.     Bj  Jobs  Foiutra.    8vo. 

SYDENHAU'S   (Lord)    Hemoii^    With  his  Adminlslrktion  i» 

Cuidi,  BrQ.P<nii,iiTSCBO».M.r.  SwnJfiAiioi.  PufCiLI.  An.  (lM, 
STMF;3  (J as,)  Principioa  of  Snrgery.  FoutUi  EiiiHon.  8ro.  lU. 
TAYLOR'S  (HntKT)  Notes  from  Life.     Fcsp  8td.   b. 

(J  B )  Fairy  Wng     A  CoUecUon  of  Stories  for  Yonnc 
..     - —  -v,  ^  „._     yf^^f^  nimtntlniii  by  Rimluii  D^tiA 

Its  IntroduoUon 


Panoni     Fraoi  ibe  G  rmu 


THOAI 
THRELl 


f  New  Zoaland ;  Psst  and  Prtnent 


TREUBNHBEUE'S  (H.  S.)  FoUtlual  Expehencg  of  the  Andenti^ 
Id  lU  beirtiii;  Da  Uudcra  Tlnuii.    Fup.  aio.    It.  id. 

— —  NotM  on   Public  Subjects,  made   dnring  ■ 

TauriDthaUnilsilSUWiud  CtDxl*.    ?<>KtBTa.    lOt.M. 
Conatilutlon  of  Iha  United  StaMa  compared 


TTITDALL'S  (Jom)  Qlwiera  of  the  Alps.    Being  a,  Narr»tl»e  of 

TTTLER  (P*tBios  Fsjieiti),  i.  Memnir  of.     By  bis  Friend,  Rkv. 

J.  W.  IXthooi.  M^.    g4u>mt  BMien.    9n.    a>. 
CBICINI'S  (M.  A,)  Letters 

avou.  Po.'t8vii.'  n>. 
TADGHAN^a  (Hbt.  Dh.)  Sermons   pmwhod  la  Hwiow  School. 


^ 


TOY  AGE  to  the  Unuritiui  and  back,  touching  M  the  Cvpt  of  Good 

llr)i»,  ud  St.  UelBW.  ByAaUiaror"riimiui."  PodSra.  9:ti. 
WAAGEN'a  (Ds.)  Treuiires  of  Art  in  Ore&t  BHtJtia.     Being  in 

Ahihiiii  ot  lb*  ChleT  Ciillcelliint  nf  Palnilni^,  Soulfrtur*.  UaiiusctipTi. 

Mtotiuami,  As  &e,  U  (hli  Cauntiy,    OMuned  hum  Fenoiua  liupgc- 

tloD  durtBg  VliriU  to  Englwiit.    3  Voli,    tink    SCi. 

ttaUerin  uid  Csblnela  of  Art  In  EnglBad.    Being 

u  AowiDl  or  m*n  Uuui  ranf  Collecttms,  riiital  In  I8M-H  ud 

HierlHirondiHrlMd.  WIlB  IndH.  flvo.  13t. 
WADDINGTOfCa   (Dbih)    Condition    and    Prospecla    of    the 

OmkChutth.  N,<c Eiiliim.  Fo«p.B»o.  S..  M. 
WAKEFIELD'S   (B.   J.)   Adrantures   in   New   ZeiiUnd.      With 

Hisfi   AiwmiDt  or  tha  IMgliiniiie  or  tba  Brliiah  CdIodImIIob  or  the 

WALES  AMD  TALKS.    A  Storj-'book  for  Toung  Childretu    B; 

WARD'S  (BannaT  Plvhkr)  Memoir,  CorreBpondonce,  LiMrarj'  uid 
tJRim1>1l>b>d  DUrtii  uil  RvaniBi.  Or  tliB  lioi.  Euii'io  PliPPi. 
pnnnil.   ( V»1>i.   Sre.    !Mi, 

WATT'S  (Jakm)  Life.     IneorporBling  the  most  inUresling  pti- 

Origin  »nd  ProgTcn  of  hia  Meoboniwl  Inveatlonc     Illua- 

-        ■  ■     -  ■    -  -  ■  ,|,h  HI,  FrtfKjm      Edited   hr  J-  V- 

n.  «iJ_  or  Larga  Tainr.    3  Volt.   dto. 

VILKTE'S  (Stn  Dirn>)  Lifc^  Jonrnale,  Toiirm  and  CriticiJ  Btonvks 

an  Wurkl  oT  An.  nUli  •  BtJtMan  frsm  hU  CalmrandeaM.    By  Au.ia 

Cunrtauiua.    forlnlt.  S  VdI*.    (Its.  tt>. 


